


LOW BLOOD PRESSURE 

ITS CAUSES AHD SIGNIFICATION 

By 

J. F. HALLS DALLY, M.A , M.D. 
(Cantab.), M.R.C.P.(Lond.) 

Demy 8vo, Illustrated. 15s. net. 

By the same Author : 

HIGH BLOOD PRESSURE 

ITS VARIATIONS ANB CONTROL 

[Second Edition. 12s. 6d. net. 

Glasgo^w Medical yournal : “Tins book 
''gives an excellent account of our present 
knowledge of high blood-pressure. It 
contains evidence of much personal re- 
search, is pleasantly written, and should 
prove valuable to all practitioners.*’ 

WILLIAM HEINEMANN 
{BIEDICAL BOOKS) LTD. 




j. W. PICKERING, 

Vt^tvnMv of UmOmt. Kbtg*, CaUeg, 



Printed in Great BrUain, 


wmm: mhUAU mejmemamk «aw| tto, , 



rinrroR’s preface 


TfiK art <tf incdifinc is •►Ui and tiine-lionmjml, htit the 
wncni'f <»f i«. relatively iU‘W, and may bo considorod 

to have hei'iin Hith flurve,\*« (liseovery of tho cirotilation 
of the l(I<ie»l. .Meant inie im'W* Mems-s have boon born, have 
wi «iultl{*lied and lm\’e beconu* so s[K<cia}i8ed that it is no 
lousier piW'ilile for an individual to k(s*p abroaat with tho 
rerenf development s, ({(nieral text>l»o(ikK necoflsarily lag 
inhitid pmjLTes*', and too often original pafierH contain so 
rnueb feehnieal thduil that they can bo fully upprociatod 
only by sp-eialiMth thetijnelves. This is very true of medical 
Hf’ien<*e. 

'Hiere lire, however, in eveiy country, a few individuals 
who are iutere'-ted in the more seicntifioaapfjot of medical and 
Ktirpieal advance, who sift, aeeuinulaterl fact in tho more 
basal x'ieneer, in some insfancea with a view to fuithoring 
this advanee, and in others in tho disinterested pursuit of 
knowledge, idthough inevitably they must confine their 
efforts to limited fiehls. 

The objeid of this seriw of monograplis is to provide 
a nu-diitin by wlu'eh the knowlcflge they have eolIoctwJ may 
iK’coiue generally avaiJalih*. If is intended that so for as 
possible the monographs should U* of value not only to the 
it'M'anth worker, but, by the avoidance of undue technical 
detail in tho applhsl ehajitiTs, that they should also bo of 
praetica! u»e to the clinician. 


IVivKSMTir or boanoK, 

KiHO'S fk>t.|.KOK, W.f?. S. 
.Way l*t, IJ»2S, 


R. J. 8. MoDOWALL. 




AUTHOR’S PREFACE 

Br,o(>i> ijlasma htiK hofin inveatigatod from tho sfcand- 
pointH of fjiysiology jind pathology. Each of 

thmt hruHclica of nwarcli itan rfivoalcd important truths, 
hut flu* (lifToronow of outI<K>k atnong workorH have often led 
to flu* of this Hiibjoct in cuinpartmonts. An 

attoinpf will 1«* inufic*, within tho liniitH of a small volume, 
fo corrf’Iiitf foH.'un facts dorivwl from each of theao sources 
of inforinafion, aiut to jujint out some of their practical 
iqipliwfurtirt. 

PatlujlogihfM hav(* often deserilu'd tho formation of blood 
clots in living (inimaLs as “ neewwia,” thixH implying that 
circukfing plasma i.s a living fluid. Even if this ho true, 
changes in plasma shouhl ultimately bo oxprossiblo in 
phyaiisi-ehemical t<*rin«. For this reason, J shall use tho 
intcrpn’tftticmH of physie-s and chemistiy as far as I am able. 
(Jeneral eonehisions will, however, ho suggested only when 
the hiologifid and physico-chemical phenomena point in the 
same direct ion, 

Most works on haimatok^ nro almost wholly devoted to 
the histology of hloofi corpuscles and r)f tho haomatopoiotio 
sy.sfeni. Except in tho stiuly of hasmophilia and of throm- 
bosi.s, IjIockI pliwma is either n<‘gleeted or treated merely as a 
vehicle for the conveyance of eorpusok's. A different out- 
look will f»»>! Heh'ohui. Kvulenco will l)o collated which sug- 
gests that the plasma is of fundamental importance in the 
life of the whole body, and it will bo shown that morbid 
comlitions appimr when tho stability of plasma is altered. 

Morlem knowledge of the plasma is largely derived from 
the investigation of the preoipitahility and coagulability 
of that fluid. Attention will, therefore, bo given to these 
inquiries lieforo discussing changes in the bdbaviour of the 
blood in iHVO and their signifleanoe in certain pathological 
ptoeesaes. 
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Except in one instance, the nomenclature in eominon use 
in this country will be employed, btit the ciilTerent shades of 
meaning implied in the terminologies of foredgn writers will 
be explained. 

It is a very pleasant duty to record my most cordial 
thanks to Prof. Howell of Baltimore, to I’rof. Xolf <if 
Lidgo, to Dr. Hckma of Hoorn, and to Dr. C. A. .Milis of 
Cincinnati, for the summarie.H of tiudr theories o'’ hlood 
coagulation, which appear in Chapter X. 1 am iiidi hted 
to Prof. Bulloch, of London, for reading the (liscussion of 
the genetics of haemophilia and to Dr. F. It. Curtis for the 
onerous work of reading the proofs. 

UuiVEESiTy OB' London, 

Kino’s Colueoe, W.C. 2. 
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BLOOD PLASMA IN HEALTH 
AND DISEASE 

CHAPTER I 

Introductory and Historical 

Ak apprt'ciatioii of corwtitution and behaviour of blood 
plurtiiia ojM-nri up many higluvayH of inquiry both of practical 
and th(‘or(*tiea! importance. On the practical Hide wo may 
anticipate improvHHi mcthoda of arrcHting obutiiiato and 
iriacc!*H!-ihlc lijcmorrhagcH, th(} nafcguarding of intravenous 
thci'apy. and a more .scncmtihc treatment of Hoveral obscure 
conditifaiH. hti<;li as those foun<i in thrombosis, in hairnophilia 
and in many other haiinorrhagic disorders. On the theoreti- 
cal sidtr light siwmld \h.‘. thrown on the behaviour of colloids 
in the living organism— a fundamental problem in bio- 
ehend.Htry— on tl»e functions and “life cycle” of plasma 
protfdn. on the n-lations of huin<jrai and cellular niactions, 
on the elianges produced in plasma by medicaments, on the 
phenomena of imaphylactic shock, as well as those of 
sUHeeptihiliiy, (»f tol«;rance and of immunity. Also on the 
probhuns of gemetics, sincHJ hamiophilia and allied disorders 
ar<; transmitted from panmt to offspring, whilst the 
existj-nce of honudogoiis bloods often depends on family 
whittonship. 

Ajwrt from metaphysical speculations, like those of 
Harvey who conceived the blood as the very foun- 

tain of lif«‘~ primum nwv&m, uUimum morims , — ^the early 
physiologists went intenisted rmly in the fact that blood is 
found c!ottf,*d when shed, but they offered no explanation of 
this occurrence. 

The first step towanis modem knowledge wa® taken by 
Malphi^ {1866), who found that a ma«s of white fibres 

*,»•. I » 
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remains after the washing of blood clots. Borelli (1681) 
foreshadowed, but did not demonstrate, the discovery of 
Hewson (1770) that, in clotting, a solid separates from the 
Uqvor sanguirds. Euysoh (1707) had, however, stated that 
the elastic material obtained by whipping blood was similar 
to that fotind after washing clots. It was nauie<l fibrin by 
Chaptal (1796) and became generally known through the 
work of Eourcroy (1804). Eibrin was said to c-vist in the 
plasma and clotting to be due to spontaneous Kolidilieation. 
The first of these opinions partly anticipated the n'cent 
suggestions of Hekma (1916-1927), th<f second was con- 
tested by Buchanan (1835, 1845), who found that the. addi- 
tion either of leucoc 3 ^es or of scrum to certain serous fluids 
produces a coagulum of fibrin. The latter investigator 
compared blood coagulation to the action of n*nniu in the 
clotting of milk and thought it wus brought about by the 
colourless corpuscles. 

The earliest application of analytical methods wus the 
use of the precipitating action of neutral salts in the m‘|w ra- 
tion of protein aggregates (Panum, 18.’>2 ; Bernard, 1853; 
Virchow, 1864). Using this method, Denis (1859) salnrated 
with NaCl a plasma kept fluid by the addition of one-soventh 
of its volume of NagSO^. A gelatinous mass was preeipi- 
tated, named “plasmine,” which dissolvKl in waW and 
subsequently coagulated at room temperature, giving fibrin 
and a protein left in solution. Prom this experiment, Denis 
concluded that the precursor of fibrin suffers cleavage in 
the act of clotting, an opinion supportftd by subsequent 
investigation. This work almost passed into oblivion, owing 
to the importance attached to the mothods of purifying 
plasma precipitates devised by later workers. It sfiems, 
however, that the very lack of these methods pormitterl 
Denis to handle material more akin to the protein of 
freshly shed plasma than is possible when more refined 
processes are used. 

The facts described by Buchanan were ro-discovered by 
Alexander Schmidt (1861, 1862). He obtained from plasma 
and from seirum reqieetively, after dilution with fifteen to 
twenty volumes of water and the passage of a stream of 



HmtODUCTORY AND HISTORICAL 


3 


CO 2 , two protein precipitates wMch he named “ fibrinogen ” 
and “ paraglobnlin.” In Ms earlier works the clotting of 
blood was regarded as due to the union of these materials, 
the latter being described as the active substance. Later, 
Schmidt (1892) obtained from both blood clots and serum, 
by prolonged extraction with alcohol, a residue wMch was 
soluble in water and rapidly clotted liquids containing 
fibrinogen and paraglobulin (the serum globulin of later 
writers). This coagulant was provisionally named “ fibrin 
ferment ” or “ thrombin.” It was said to produce clotting 
by uniting fibrinogen and paraglobulin. By receiving 
blood directly from an artery into alcohol and using the 
same process that yielded thrombin from serum, he demon- 
strated the absence of that coagulant in droulating blood. 
The presence of some antecedent of thrombin in blood 
became evident, and it was named “prothrombin.” It 
was thtis shown that important changes in blood precede 
clotting. 

In many respects, Hammarsten (1877-1879) may be 
regarded as the originator of the modem outlook, with one 
important reservation. Unlike many who followed him, 
he did not postulate the existence in plasma of substances 
that can be obtained only by the drastic disintogration of 
colloidal complexes. By treating plasma with various 
concentrations of NaCl, he showed that less of that salt is 
required for the precipitation of fibrinogen than sufElces for 
the salting-out of serum globulin. He also demonstrated that 
serum globulin does not participate in the formation of 
clots, and thus concluded that coagulation arises horn the 
action of thrombin on a single constituent of plasma — to 
wit, fibrinogen. 

1^0 widely different modes of research are now in use. 
Both were employed by Hewson (1770, 1772), who performed 
experiments on living animals, and by observations on 
salted bloods laid the foundation of biochemical methods. 
In vivo the plasma cannot be either Isolated or analysed, and 
the reactions of living cells and tissues may be involved. 
Bor these reasons, precedence has been given to chemical 
investigations and contemporary knowledge rests largely on 
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reactions in test tubes. Besults so obtained do not afford, 
however, any certitude that the materials examined ore in a 
similar condition to those of circulating blood, since the 
outstanding feature of shed blood is a tendency to immediate 
change, and this is increased whenever blood is in contact 
with a surface which it wets. 

Many attempts have been made to avoid this instability 
by investigating plasma kept fluid by the addition cither of 
an excess of water or of specific anticoagulants. Dilution 
with sufficient water to suppress clotting alters the plasma, 
since evaporation to its original volume does not restore the 
capacity to clot spontaneously. Later, it will bo shown that 
the effects produced by anticoagulants on shed blood often 
differ from those occurring in circulating blood. Experi- 
ments on plasma kept fluid by these methods have, there- 
fore, a limited meaning, and several current generalisations 
which are derived from this mode of research do not satisfy 
the criterion mentioned in the preface. 

Exoqit in a few experiments on oxalated plasmas deprived 
of blood platelets by passage through a Bcrkefeld filter, and 
in those on the plasma of the domestic fowl from which all 
formed elements have been removed in an intact condition, 
all the plasmas used in biochemical research have boon con- 
taminated with the d&ms of blood platelets — with material 
which rapidly alters the stability of plasma. The difficulty 
of interpreting results unfortunately increases whenever 
attempts are made to purify plasma protein by precipitation 
and re-solution, as these processes alter labile colloids. So 
far, i^thetio methods have been only tentatively employed, 
and investigators must await the production of a fluid 
ezhibitirg all the qualities of blood plasma by the reunion of 
its components. Only then can they be sure of the posses- 
sion of these bodies. 

Perhaps the most distinctive feature of the current 
literature is the multiplicity of hypotheses. Some of these 
speculations are almost irreconcilable one with another, 
otbers outrun the bounds of fact. Almost all assume that 
blood plasma consists of a number of distinct substances 
that interact both in vivo and in vitro. The behaviour of 
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undisturbed plasma and the possibility of its disintegration 
in the inception of clotting have attracted comparatively 
little attention. For these reasons, I shall first consider 
the classification of fractions of plasma protein and their 
probable relationship in undisturbed blood. 



CHAPTER n 

The Protein of Blood Plasma in Fractions and as a Whole 

Classification by precipitability— The condition of tho fractious of 
protein obtained by salting-oat and that of tho protoiu of i>laHrna — 
Other classifications— Variations in the stability of blood piasrua 
and possibly in the stability of the blood in carcinoma— Knihryonio 
development — ^The suppos^ transformation of one protein fraction 
into another — ^The ftinctions of plasma— Tho hereditary trans- 
mission of certain conditions of plasma* 

Thb work of Hammarsfccn led to the cloBsing of tho 
protdxis of plasma and of serum by their behaviour In tho 
presence of neutral salts. This classification is based on the 
finding that fractions of protein possessing distinctive pro- 
perties can he precipitated by definite concentrationH of 
salts, those commonly used being NaOI, (NH 4 ) 2 S 04 and 
MgS 04 . The following table, modified from that compiled 
by Davide (1926), gives an approximate idea of the limits of 
preoipitabihty by these salts. 


Table l.—Ilhstrating the Limits of Preeipilc^Uity of the 
Principal Fractions of Protein obtainoMe from Blood 
Plasma. 


?reclp!taaf»» 

Fibrlnogon 

iBuKlobttllD. 


Albumin. 

NaOl. 

Precipitated 
at nearly 
half satn- 
rati<m* 

Precipitated 
on satura- 
tion. 


— 

(NH*)»SO*. 

Precipitated 
on the ad- 
dition of 
15-27 per 
cent, of a 
saturated 
solutiozu 

Precipitated 
on tho ad- 
dition of 
28-88 per 
cent, of a 
saturated 
solution. 

Precipitated 
on the ad- 
dition of 
36«44 por 
cent, of a 
saturated 
solution* 

Precipitated 
on satura- 
tion. 

MgSO^ . 

Precipitated 
at nearly 
half satu- 
ration. 

Precipitated 
on satura- 
tion. 

— i 

Precipitated 
onsatura- ; 
tion* 
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This classification neglects prothrombin and fihrm-gbbulin, 
as well as the somewhat hypothetical seromuooid. 

Other observers record rather different figures. For ftTra.Tnpift^ 
Porgfes and Spiro (1902) state that^the percentages of 
of saturated (NH 4)^04 necessary for precipitations are as follows : 
Fibrinogen 30 per cent., euglobulin 30-36 per cent., pseudo- 
^obulin 36-50 per cent., albumin 60-100 per cent. They also 
distinguish two fractions of pseudo-gbbulin, one precipitated by 
36-44 per cent., the other by 44-50 per cent. A recent apphoation 
of salting-out has led to the expression of the hmita of the pre- 
cipitability of the various protein fractions in tarmn of the 
fractional volume-molar concentrations of different salts. After 
fibrinogen has been precipitated, the additional amount of salt 
required for the precipitation of another fraction is constant for 
any salt. The increment of salt may, however, be different for 
different salts (Howe, 1921, 1922, 1925). 

The Conditioti of the Fkaetions of Froiein obtained by Salting- 
out and that of the Protein of Plasma 

The fractions of protein obtained by salting-out dissolve 
on appropriate dilation with water. ConTenient methods 
are thus provided for their separation and partial purifica- 
tion, but the precise composition of these precipitates and 
solutions remains unknown. The work of Sorensen (1917) 
on the salt-precipitation of albumin shows that the precipi- 
tates are of great complexity. There are present dissociated 
and non-dissociated albmnin and the precipitant salt ; also 
combinations of these bodies, as well as water, together 
with hydrogen and hydroxyl ions. According to the same 
investigator, the products of the salting-out of globulin are 
even more complex, since it is not possible to obtain either 
pure euglobulin or pure pseudo-globulin, but only mixtures 
of these bodies with associated salts and water. 

The only sharply droned difference between eugbbulin 
and pseudo-gbbulin is their behaviour in water ; the former 
is insolubb, the latter is soluble. Recent work suggests, 
however, that this distinction no longer holds good. The 
prolonged electro-dialysis of either normal or anti-toxic 
serum precipitates all the protein that is usually called 
gbbulin. Pseado-^buhn actually requires a small amount 
of salt to hold it in solution, but the quantity is too small 
for removal by ordinaoy dialysis. (Pauli, 1924; Adolf, 
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1924). These observatioiis are consistent with an earlier 
conclusion that the products of the salt precipitation of serum 
globulin, although fairly well defined, arc fractions of a 
larger complex and not chemical imits (Herzfcid and Klinger, 
1917, 1920, A similar -view is taken by Reymann, 1924), 

There is, however, some evidence which suggests that euglo- 
bulin and pseudo-globulin may differ ohomically. The dialysis 
of pseudo-globulin yields a precipitate containing phosphorus 
and a water-soluble globulin, which is almost free from phos- 
phorus. The addition of lecithin to the water-soluble material 
gives, on renewed dialysis, a precipitate containing phosphorus. 
This implies that euglobulin may be a compound of water- 
soluble globulin and a lipoid containing phosphorus (Chick, 1914). 
The prolonged dialysis of prothrombin (which possesses the 
solubUities of globulin) also gives a water-soluble fraction free 
from phosphorus and a precipitate containing phosphorus 
(Cekada, 1926). In both groups of experiments, contamination 
with phoi^hatides derived from disintegrated bloori x>latolots 
was not eliminated. The precipitation of euglobuUn from serum 
by appropriate acidification has been recently explained as due 
to the formation of a protein-lipoid complex. It is stated that 
the acid alters the protmn and renders this union possible 
(Wadsworth and collaborators, 1927). 

Broadly described, blood serum is plasma divested of 
filbiinogen. The protein of serum is electrically inactive-— 
it will not move in an electric field. It can, however, be 
made to move by appropriate treatment, and the character 
of -tihe movement is such as could hardly be exliibited by a 
mixture of colloids. In short, it is probable that there is 
only one protein in serum (Hardy, 1903). 

Li a discussion of the solubilities of globulins, S0renwm 
(1925) assigns different formulae to euglobulin and pseudo- 
globulin, and thus implies that these bodies are different 
substances. This is dissonant with the conclusion of Hardy 
and is opposed by the previously cited observations of 
Pauli (1924), which axe consistent with Hardy’s inference 
in so far as it applies to globulin. In a later paper, S0rensen 
(1926) more fully explains his position. He suggests that the 
more complex proteins consist, in the main, of larger or 
smaller poly^ptide complexes, locfflely knit together by 
secondary bindings, or by mutual salt formation taking 
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place, without any real chemical union between the com- 
plexes. Such complexes act in solution as a co-ordinated 
whole, as is indicated by the slight osmotic pressure they 
exert. The phenomena of the fractional salt-precipitation 
of globulin are explained not on the assumption that mix- 
tiures of globulin are present, but by su^esting that the 
globulins are loosely boxmd one with another into a larger 
whole. In representing globulins, in the earlier paper, by 
the formula EpP^, it was intended to explain that in the 
different globulins obtained by salting-out different numbers 
of euglobulin complexes (E) and pseudo-globulin com- 
plexes (P) are present. It follows, if these conclusions 
represent the truth, that serum globulin is not a simple 
mixture of different proteins in solution, but is built up of 
complexes which are loosely held together without the 
intervention of real chemical reactions. 

There are dMculties in the complete acceptance of Hardy’s 
views, such as the chemical and immunological differences 
between albumin and globulin, described later in this 
chapter. It seems probable, however, that in fresh serum 
albumin is attached to globulin by forces similar to those 
which hold fractions of globulin together. Ih this mental 
picture the chemical and immunological differences of 
albumin and globulin appear of secondary importance. 
Globulin and albumin are seen as a complex, which behaves 
like a single substance so long as it is not dissociated by the 
forces involved in chemical, physical or immunologioal 
reactions. 

Many important questions remain unanswered, espedally 
the extent of the alteration of protein complexes by saltiDg-out 
and by electro-dialyBiB. Proteins reveal appa^t dissooiatioa 
constants at neutrad i?eactions that known amino-aoids do not 
possess, and it is probable that the dissociation of protems 
depends upon the dissociation of the andno-aoids of which they are 
composed (Cohn, 1926). 

Several observationB suggest that the fibinnogen known 
in the laboratory is a group of proteins more or less firmly 
bound together. By oataphoresis it can be separated into 
fractions which react differently with thrombin (Howell, 
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1916). It is fibrmly united -witii prothrombin (Mclianby, 
1909, 1). On heating to Od^-GO® it yields coagulatefl protein 
and uuooagulated fibrin-globulin (fiuiscamp, 1905 ; Iscos- 
vesco, 1906). 

The suggestion of MeUanby (1909, 1) that prior to clotting, 
the globuhns of serum are united ■with fibrinog<*n is con- 
sistent with conclusions reached by widely different modes 
of research. By estimations of four variables in a given 
blood, Henderson (1921) found that when values arc itssigned 
to any •two of these variables the values of the others are 
determined and the condition of equilibrium is unequivocally 
defined. Hence, he concluded that blood is a single physico- 
chemioal S 3 ^tem. Erom the general behaviour and chciu ical 
structure of proteins, Buppel and his collaborators (1922- 

1923) infer that the protein fractions of plasma do not exist 
in a free condition. Eurthermore, in the clotting of shed 
blood one portion of protein suffers change and separates 
from solution, whilst another portion remains in solution. 
It seems clear -that this is primarily due to the lysis of a 
protein complex, since a considerable numbttr of substances 
that restrain the inauguration of blood clotting, but have no 
infiuence on the later phases of that change, also puascas the 
capacity of suppressing the lysis of other colloidal com- 
plexes, those of erythrocytes (Pickering and Taylor, 

1924) . 

A reunion and probably a fresh grouping of the material 
broken up by clotting occurs rapidly in shed mammalian 
blood, since thrombin is found both bound to fibrin and 
“inactivated” in serum, whilst the unused prothrombin 
and the Mym of blood platelets are soon so firmly unit<*d to 
serum protein that disruptive agencies, such as adHorbeutu 
or chloroform, are required for their release. 

In salting-out the cleaving is more marked and the frac- 
tions of protein obtained may be regarded as products of 
such action. Biochemists should, however, await further 
advances in physics and chemistry before speaking definitely 
on the mode of union of fractions of plasma protein. The 
work of Bayliss (1921, 1924) points to physical unions 
playing an important part, and the use of the term “ adsoxp- 
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tion,” in contradistinction to trae chemical action, is at 
least convenient in the present state of knowledge. The 
completely difierent teaching of J. Loeh (1924 *2) should, 
however, he remembered. He states that proteins combine 
stoichiometrically with acids and alkalis and that there ace 
no difierenoes between the chemistry of proteins and that 
of crystalloids. The application of the stoichiometrical 
law and of Donnan’s theory of membrane equilibria is said 
to suffice for the explanation of colloidal behaviour. 

Beviewing the faots and inferences as a whole, it seems 
probable that undisturbed plasma is a single complex and not 
a mixture of disunited substances. If this suggestion is 
ultimately established, blood plasma will be regarded as a 
co-ordinated whole, which acts as a unit so long as its com- 
ponents are not dissociated by extraneous forces. This 
conclusion satisfies the criterion mentioned in the preface. 
It is consistent with both the physico-chemical reactions 
in vitro and the biological phenomena. Distinctive reactions 
that are readily obtainable with fractions of plasma in vitro, 
such as the formation of thrombin and the clotting of 
fibrinogen by thrombin, do not occur in vivo unless the 
equlibrium of the plasma is disturbed. 

A bolder conclusion was reached by Wooldridge (1886). 
He revived the conception of Harvey (1653) that the blood 
is a living liquid. He maintained that blood plasma is 
protoplasm and that clotting is the last act of living blood. 
This fascinating speculation should not be ignored, but it 
can hardly assist progress in the present state of knowledge. 
If, however, the “intuition” of Wooldridge represents 
truth, then the meaning of the changes that transform living 
bodies into dead material lies hidden in the problem of blood 
coagulation. 

Other Glassiflcations 

An alternative classification is provided by the difierences 
in thermostability exhibited by fractions of plasma protein. 
The exhaustive investigation by Halliburton (1884-5, 1886, 
1891) of the heat coagulation of plasma and of serum, shows 
a remarkable concordance of results. In the jdasmas of 
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both higher and lower rertebrates, three fractions of serum 
albuinin are found, coagulating respectively at 73°, 78° and 
86° 0. In lower vertebrates, except in the eol, only one 
fraction is evident, coagulating at 73°-74° 0. Broadly 
speaking, classification by heat coagulation corresponds with 
that based on salting-out, but the incidence of heat coagula- 
tion is much more sharply defined than is precipitation by 
(NH 4 )gS 04 . The quantities of protein obtained by thoso 
methods show a close but not complete correspondence. 

The chief interest of heat coagulation is the evidence it 
afiords of the existence of difierent fractions of albumin in 
blood plasma. Similar evidence is provided by salt-precipi- 
tation, definite limits of precipitability being claimed 
(Oppenheimer, 1903), by the immxmologicol specificity of 
albumin fractions (Doerr and Berger, 1922 1*2) and by 
certain changes in albumin fractions during alterations in 
environmental conditions (Howe and Sanderson, 1924). But 
such evidence does not establish the existence of these 
fractions in a free condition in undisturbed plasma. 

Variations m fhe Stability of Plasma and possiblsr in ihe 
Stability of the Blood in Carcinoma 

The blood plasmas of animals of difierent species exhibit 
varying degrees of stability. Mammalian plasmas clot 
rapidly when shed, those of birds and fishes may remain 
fluid for long periods (Delezenne, 1897 ; Nolf, 1906, 1909), 
but can be clotted by prolonged shaking and by the addition 
either of chemically inert particles or of tissue extracts. 
Decreased coagulability of the blood will be described in 
certain hsemorrhagic conditions. It will bo shown that this 
may occur when the fractions of plasma wliich participate 
in blood clotting axe neither deficient in quantity nor altered 
in quality and when there is no evidence of iin excess of 
anticoagulant in the blood. It seems probable that varia- 
tions occur in the manner in which the proteins of plasma 
are held together. 

Well-marked suppressions of blood clotting occur in 
pneumonia (Dochez, 1912), but this may be due to the 
liberation of anticoagulants by the necrosis of the endo- 
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thelium of the lungs. The Blood of persons who are criti- 
cally ill may exhibit changes in the speed of clotting. This 
occurs duri]^ widely dijEEerent disorders (Addis, 1910; 
Lee and White, 1913). It is not sufficiently defined for use 
in diagnosis. Similar changes were found By Van Allen 
(1927) during the height and terminal stages of various 
disorders in rabbits, including epithelioma. But they were 
not apparent in gradually developing maladies, even when 
the emaciation was profound. Decreases in the rate of 
contraction of blood clots during states, particu- 

larly in malignant tumours, will be described later and may 
be of diagnostic value if similar changes occur in human 
blood. 

Recent investigations suggest that the stability of blood 
plasma is altered during the development of carcinoma. 
Wegierko (1926) states that in the majority of sixty eases 
which he examined the blood is less thermostable than that 
of no rmal persons. This change is said to be correlated 
with the progress of the malig^t growth. In the early 
development of carcinoma, the capacity of the plasma to 
flocculate at 62°— 64° 0. is small. When the growth is well 
marked flocculation is readily obtained, but the capacity of 
the plasma to flocculate at these temperatures almost dis- 
appears during the flnal stages of the neoplasm if cachexia 
is extreme. Alterations in the thermostability of plasma 
are also described in other morbid states, such as diphtheritic 
pneumonia, acute articular rheumatism, and wh®n certain 
changes have occurred in the renal endothelium. 

Book and Eausohe (1926) claim that a aryiftTlw quantity of 
is required for the prevention of the clotting of the blood 
oi persons sufiering from cancer than suffices when the blood 
rither of normal persons or of those suffering from other diseases 
is used. They state that in sixteen out of eighteen oases of cancer, 
which were verified by operation, tiiree to five drops of a 2 per 
cent, solution of MgS 04 were sufficient for the prevention of the 
clotting of 1 c.o. (tt blood and, that seven to eleven drops are 
necessary for the suppression of the clotting of an equal amount 
of the blood of normal persons. In thi^-fiv© bloods obtained 
from persons suffering from other three to six drops 

were required. These experiments nbm iW he repeated on a 
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larger scale, on acooimt of their possible importanoe in the 
diagnosis of cancer. The results obtained shoiud be compared 
•with the precipitability of the plasmas by neutral salte after 
dilutiou, with the amount of fibrinogen present, and with the 
nltramicroscopic changes occurring during clotting. By such 
methods it should be possible to ascertain if there is any marked 
change in the stability of plasma in carcinoma. 

Embryonic Developmmit 

Although much attention has been given to the embryo- 
logy of blood corpuscles, that of plasma has almost escaped 
notice. This neglect is, indeed, surprising, since current 
speculations on the anabolism of protein and on the supposed 
transformation of one protein into another are based either 
on changes in abnormal states or on reactions in vitro, with- 
out cheeking the conclusions reached by comparison with 
the data disclosed by embryonic development. 

A few faots are, however, known. In the second-day 
chick certain mesodermal cells, called “ angioblasts,” 
differentiate and produce endothoUum, erythrocytes and 
plasma. It is thus probable that blood phu^nia arisets in 
the embryo from tho destruction of ctdis (Sabin, H120). The 
blood of chick embryos docs not clot prior to the twelfth 
day of inenbation (Boll, 1870), The lack of coagulability 
is due to the absence of fibrinogen. On tho eleventh day 
the protein of plasma possesses the solubility of albumin 
and on heating coagulates in fractions at 72‘’-7,'>® and fiO’ C. 
respectively. Globulin is absent. On the thirtctcuth or 
fourteenth day fibrinogen and prothrombin develop simul- 
taneously. In some thirteenth-day embryos fibrinogen 
is not present, and in these embryos other globulin is also 
absent. On the fourteenth day the shod blood may clot 
without leaving any appreciable amount of globulin in tho 
serum. In older embryos both globulin and albumin are 
easily separated from serum (Pickering and Gladstone, 
1926, 2). That embryonic development proceeds in the 
same order as evolutionary development seems established. 
It follows that albumin is nearer the primitive typo of pro- 
teia than globulin. The oondusion of Sorensen (1923) that 
molecules (or aggregates) of ^obulin are larger and therefore 
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more complex than those of albumin points in the same 
direction — ^that albumin is less differentiated than globulin. 
It seems that there is an evolution of colloidal complexity 
as well as an evolution of anatomical structures. 

In embryo chicks the capacity of shed blood plasma to 
agglutinate its own thrombocytes is absent prior to the tenth 
day of moubation, but is well marked in embryos aged fourteen 
days. The power of agglutinating red corpuscles is absent 
before the eleventh day, but the plasma of some twelfth-day 
embryos may slowly and partially agglutinate the erythrocytes 
of the rabbit and guinea-pig. The appearance of the capacity 
of the plasma to clot does not coincide with an increase in the 
power to agglutinate. Complement could not be detected before 
the thirteenth day, and on that day only in those plasmas which 
had developed fibrinogen and prothrombin. During later stages 
of development complement is present m graduaUy increasing 
amounts in both plasma and serum. Material lytic to the 
erythrocytes of the rabbit and guinea-pig could not be found 
prior to the thirteenth day, but from that day onwards it is 
present in variable amounts in both plasma and serum. 

These observations suggest that the capacity to agglutinate 
corpuscles is a property of the albumin of plasma, and that 
albumin must roach a certain degree of complexity to acquire 
this quality. It is also indicated that complement is associated 
with globulin, and there is less conclusive evidence that hs0mol37tic 
power is due to similar material (Pickering and Taylor, 1927). 

These conclusions only broadly correspond with those reached 
from the study of the reactions of the serums of adult mammals. 
Priestly (1915) suggests that the agglutination of heterologous 
erythrocytes is caused by serum protein, probably by globulin. 
Maltaner and Johnston (1921) state that the degree of aggluti- 
nation or haemolysis obtained with a “ heat-sensitive ” serum 
depends, in part at least, on the quantity of fibrinogen present, 
and that agglutination is due to the formation of j&laments of 
fibrin. The association of complement with a complex containing 
globulin is, however, generally accepted, and a relationship has 
been recently claimed between the stability of the blood, as indi- 
cated by its coagulability, and the amount of “ complement 
activity ” in serum (Puohs and v. Ealkenhausen, 1927). 

The Supposed Xransfozmation of one Fraction of Plasma 
Protein into another 

A decision on this question is of considerable importance 
in relation to the metabolism of protein and in the investiga- 
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tion of sereral obscure changes in the coagulability of the 
blood, particularly those in anaphylactic and “ peptone ” 
shock. If one plasma protein is transformed into another 
an explanation of change in the stability of the plasma is 
offered. If, however, such transformations do not occur, 
we must search for alterations in jibysical condition, for 
possible dissociation and re-grouping of plasma complexes, 
and for changes in hydrion concentration. 

Many investigators claim that the increase of fibrinogen 
or of serum globulin found in certain morbid states and 
dToing immunisation is at the expense of albumin, since the 

ratio is lower iu disease and in immunisation than 

globulm 

in healthy and non-immunised states (Hoffman, 1862-1883 ; 
Hiss and Atkinson, 1900-1901 ; Joachim, 1902-190.3; 
Ledingham, 1907 ; Gibson and Banzhaf, 1920). An incn«iHo 
of serum globulin is not, however, invariably accompanied 
by a decrease of albumin, for in immnnisation against 
tetanus both the globulin and albumin increase, whilst in 
that against plague a large increase of globulin is accom- 
panied by a slight increase of albumin (Sordelll and Mazo- 
cooco, 1925). The facts, though suggestive of protein 
transformations in vivo, do not provide conclusive evidence 
of such changes. The chemical evidence is also indecisive, 
whilst the serological evidence unequivocally oppcisas the 
ocourrenoe of such changes. 

Moll (1904) claims the production of em Kuritlliohe^ Ololndin, 
by the incubation of a slightly alkaline solution of aibiiiuin for an 
hour at 0. The incubated material i» prccipitait'd by 

half saturation with (NH 4 )^ 04 , and the ]n^pitate contains a 
smaller amount of sulphur than albumin. Two of the chief 
characteristics of globulin axe thus present. Similar results 
were obtained by Nhmmerer and Aubiy (1913), who did not, 
however, claim the conversion of globulin into albumin, but 
merely state that a change in predpitabilLty occurs. 

More recently, Bunpel and othms (1022) state that the incuba- 
tion of a strongly alkaline solution of albumin at 37® 0. for three 
days yields matedal possessing all the properties of euglobuiin. 
In a review of this work, Davide (1925) points out that the hydrion 
oouoentration of these solutions waa not controlled. He also 
emphasises the differences of natural and artificial globulins. 
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Natural globulin contains glycocoll and phosphorus, bodies that 
are absent in albumin. The latter material contains only a 
minute amount of carbohydrates, whilst the percentage of 
sulphur is approximately double that of globulin. It has been 
shown by a number of workers that artificial globulin has a low 
percentage of carbohydrates and a percentage of sulphur closer to 
that of albumin than globulin. Moreover, the amino-index (i e , 
the total nitrogen divided by the f ormol nitrogen) is the same for 
albumin and artificial globulin, but is twice as high as that of 
serum globulin (Gibson," 1912 ; Obermeyer and Willheim, 1912 ; 
Bywaters and Tasker, 1913). A change from albumin to globulin 
in the absence of added alkah is, however, said to occur, the 
evidence for transformation being based on alterations in re- 
tractility (Gutzeit, 1924). But the burden of proof that changes 
in physical characteristics are not merely examples of “ denatura- 
tion ” rests on those who claim the conversion of one protein 
into another. 

On the serological side, it is established that the different 
fractions obtainable from serum protein exhibit distinct speci- 
ficity (Dale and Hartley, 1916 ; Doerr and Berger, 1922). Further, 
Fanooni (1923) not only found physical fifferences between 
artificial and natural globulins, but also showed immunological 
differences between the artificial globulins prepared by different 
methods. Moll’s material does not produce shook in guinea- 
pigs sensitised with natural serum globulin, whilst it sensitises 
more effectively for albumin than for natural globulin. 
Another artificial globulin,” prepared by a modification of 
Ruppel’s method, is completely ine&ctive in these respects. 

Attempts have been made to convert albumin into globulin 
by irradiation with ultra-violet light. When salt-free albyimin is 
exposed, at certain hydrion concentrations, to radiations of 
wave-lengths less than 320f(fA, a product is obtained which is 
precipitated, like globulin, either by half saturation with NaOl, or 
by dialysis ((21ark, 1922, 1925). It has, however, been pointed 
out that irradiation does not change the optical declination of 
albumin, which should happen if any structural change had 
ocouixed in the protein molecules (Davide, 1925) . Ah the evid.ence 
thus points to artificial modifications in physical condition 
rather than to chemical changes. 

Despite the facts just narrated, a transmutation of 
protein complexes in the limited sense implied by Herzfeld 
and Klinger (1917, 1919, 1920) may possibly occur. Accord- 
ing to these investigators, the protein fractions separated by 
salting-out are an inter-related series of particles of the 
same substance possessing different degrees of dispersion. 
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The least dispersed fraction (fibrinogen) is said to be derived 
from the debris of cells and to be converted by gradually 
increasing diversion, first into globulin and then into 
albumin. It is suggested that stabilisation is cftcctcd by 
absorption of lower products of disintegration, such as 
amino-acids and pol 3 i^ptides, the smaller and more soluble 
particles carrying the greater amount of material. These 
views are partially accepted by Kapsenberg (192.5) in so far 
as there may be a difference between albumin and globulin. 
They are also tentatively adopted by Rcymann (1922), 
with the important difference that the development is be- 
lieved to proceed from albumin to globulin. The tsvidenco 
of embryonic development shows that albumin appears in 
plasma long before globulin. It implies that in the living 
organism albumin does not arise from globulin. Wo have 
also seen that fibrinogen appears suddenly at a comparatively 
late stage of development. An autogenic origin is indicated, 
not formation from either pseudo-globulin or albumin. 

The Functions of Blood Flasma 

✓ 

If blood plasma were a fluid elaborated in a laboratory, 
we should say it fulfilled all the purposes for which it was 
designed. It provides a medium for the circulation of 
oxygen-beating and other corpuscles, also for the tmnsport 
of carbon dioxide. It is an excellent buffer solution, and by 
its osmotic pressure, viscosity and concentration of electro- 
lytes is adapted to its surroundings. By the remarkable 
property of clotting when blood is shed its loss from wounds 
is minimised. 

Other functions of blood plasma are less obvious but are 
equally real. The stabilising influence of blood serum on 
body cells seems established. It has been shown that coll 
injury and " shock ” follow the replacement of a largo amount 
of plasma by a suspension of erythrocytes in Locke’s solu- 
tion, and that if dialysed scrum is substituted for Locke’s 
fluid, “shook” does not occur (Hurwitz and Whipple, 
1918-1919 ; Whipple and others, 1920). The transfusion of 
isotonic gum acacia is equally efficacious in the prevention 



THE PROTEIN OF BLOOD PLASMA 


19 


of \iround " shook ” (Bayliss, 1916-1920). It thus appeara 
that the protective infiueace against cell injury depends 
upon colloidal behaviour, mainly in relation to permeability, 
and not upon the chemical properties of protein. That 
serum protects against several types of haemolysis is also 
established (Moore and others, 1909 ; Sutherland and 
Mitra, 1916 ; Barker, 1922 ; Ponder, 1921, 1922, 1923). 
Similar action is exhibited by various colloids, such as gum 
acacia, gelatin and e^-white, also to a lesser degree by 
viscous solutions of sugar. In protection against haemolysis, 
particularly against that produced by natural haemolyBms, 
more is implied than the maintenance of appropriate osmotic 
conditions, since m strictly isotonic fluids different colloids 
have different protective values and the optimum hydrion 
concentration for protection is different for different 
colloids. Moreover, the removal of calcium ions from plasma 
by oxalation restrains the haemolysis produced by heterolo- 
gous sera, by specific haemolysins and by cobra venom, 
whilst haemolytic action is restored by replacing the calcium 
ions (Pickering and Taylor, 1923, 1924). It seems probable 
that restriction of the movements of ions is an important 
factor in the protection afforded by colloidal complexes 
against l3i;ic a.ction. 

Plasma exhibits greater stabilising power than serum 
protein, but this power is either reduced or lost when clotting 
commences. Nolf (1922) found that dog’s blood containing 
an auto-haemolysin material lytic to the dog’s own 
erythrocytes) does not haemolyse when shed so long as 
fluidity is preseiwed, also that haemolysis commenoes at the 
, same time as clotting. Furthermore, lethal intravascular 
injections of cobra venom into the frog do not haemolyse the 
blood whilst it remains in the blood vessels, but when the 
blood is shed into isotonic saline (which is non-hsemolytic to 
frog’s erythrocytes) lysis appears contemporaneously with 
clotting (Pickering and Taylor, 1924). Material protective 
against the lysis of colloidal complexes therefore exists 
in unshed blood plasma, but it loses its protective power in 
the act of clotting. That the same factors maintam the 
integrity of both plasma and erythrocytes is not surprising 
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if we accept the conclusion that unshed blood is a single 
physico'cheznical system. In such a system influences that 
stabilise a part -vrould stabilise the whole. 

Blood platelets remain intact in circulating blood and 
rapidly disintegrate when the condition of the plasma is 
altered by contact with any surface which it wets. The 
stabilisation of platelets by plasma is of considerable 
importance. By removing bacteria from the blood-stream, 
platelets provide a defence against infection (Govaerts, 1 021 ; 
Deloourt-Bemard, 1922 ; Hoskam, 1927). Moreover, their 
removal from the circulation favours hsemorrhogio states. 
The loss of the stabilising power when plasma is shod is of 
equal importance, since the products of the lysis of platelets 
participate in the inception of blood clotting and so supply 
protection against haemorrhage. 

An equilibrating influence of blood plasma in the distribu- 
tion of water between erythrocytes, connective tiasucH and 
cells is suggested by Schade (1923, 1924, 1, 2). The same 
writer is convinced that renal diuresis is due to an incre'osed 
attraction of body colloids for water, in which the colloids 
of plasma participate rather than those of solid tissues. 
The importance of plasma protein in water-regulation is, 
however, questioned (Oehme, 1924; Handovsky, 1924), 

Nevertheless, the work of Starling (1899) shows the bearing of 
the colloidal concentration of the plasma on the process of renal 
filtration and suggests that dilution of the plasma is a cause of 
renal diuresis. He considers that the glomerular filtration con- 
tinues as long as the pressure in the capillaries is sufficient to 
overcome the osmotic resistance of the colloids. The discussion 
of the old dispute whether the pressure or velocity of the blood 
flow is the important factor is beyond the scope of this work. 
It has been ably dealt with in the recent monograph of Cushny 
(1926), who reaches the conclusion that both factors are 
essential. 

An early oonc^tion of the chief function of blood plasma 
is that it transfers nitrogenous nutriment from the iat(»tine8 
to the body generally, or, as Michael Eostor (1888) puts it— 
tissue by fdie help of lymph lives on blood. Proof of this 
conclusion, probable though it seems, is still wanting. 
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In a recent review of this question, Howe (1925) points out 
that this hypothesis involves either the synthesis of protein 
from digestion products in the liver, or else direct ahsorption of 
food protein. Convincmg evidence of the occurrence of the 
former process is lacking, whilst the latter suggestion is stiU 
disputed. A number of the earlier observers stated that protein 

K sses directly from isolated loops of intestine into the circulation. 

e principal objection to these experiments is that the possibility 
of the action of digestive enzymes is not excluded (Mscl ier, 1921). 
Mills and his collaborators (1923) state, ho-wever, that the protein 
of lung extract passes rapidly from the intestines into the blood- 
stream and can he recoTered unchanged in the nrina If 
foreign prot^ commonly passes unchanged into the blood- 
stream, it is difficult to landerstand why sensitisation and anaphy- 
lactic shock do not frequently occur, unless anti-sensitisation 
is a common occurrence. 

A unique speculation on the mechanism of nutrition is 
advocated by Nolf (1908). He suggests that blood clotting 
occurs normally in circulating bbod, but is limited to the deposit 
of films of fibrin on the vascular endothelium. The fibrin is 
thought to be converted into nutrient material by a fibrinolytic 
enzyme. The clotting of shed blood is regarded as an adaptation 
of nutritive processes in defence against haemorrhage. 

A controversy has long existed on the capacity of blood 
plasma to participate in iTnnmTiA reactions. Several 
investigations have been directed to ascertaining if the 
albumin-globulin complex of serum, called “ complement ” 
(which contributes to immune reactions) exists in normal 
plasma. Metchnikofi (1896) believed that this material is 
present in leucocytes, but not in plasma. Gfengou (1901) 
suggested that the leucocytes are damaged by blood clotting 
and then yield complement. Gurd (1912) maintained that 
an antecedent body (“ oomplementogen ”) exists in plasma 
and is converted into active material after the shedding of 
blood. Addis (1912) observed in bird’s plasma, just before 
clotting occurred, the kind of hsemolysis which requires the 
presence of complement. He concluded that plasma con- 
tains complement. But in these experiments the time in- 
terval between the occurrence of haemolysis and coagulation 
was so short that proof was not famished of the presence 
of complement in unaltered plasma. The complement 
mi^t have been produced by the changes in plasma which 
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precede coagulation. The pure blood of the domestic fowl 
when centrifuged in a paraffined tube under oil at 3‘'-4° C. 
proTides, however, a plasma free from colls and their 
which remains completely fluid at 38® C. for several hours. 
This plasma rapidly gives the reactions which are generally 
accepted as indicating the presence of complement, of 
agglutinin and of natural hsemolysin. The plasma of the 
bird possesses all the qualities necessary for the occurrence 
of immune phenomena, and it seems probable that mamma- 
lian plasmas are similarly endowed (Pickering and Taylor, 
1927). 

In the chapters devoted to abnormal changes in circu- 
lating blood much evidence is cited which suggests that 
reactions in plasma control the response of the body to 
certain toxio substances, determine the behaviour of blood 
platelets, alter the condition of the capillaries, and possibly 
produce autolysis in the liver. It seems (svident that many 
of the functions of plasma are so constantly exercised that 
their existence is disclosed only when the routine of life is 
deranged, either by experimental interference or by morbid 
processes. 

The H^weditaiy Ttanamiffijon certain Oonditiona of 
Kood Plasma 

The hereditary character of the capacity of iso-agglutina- 
tion in human bloods and the transmission of this quality 
in accordance with Mendel’s Law is now established (von 
Dungem and Hirschfeld, 1910 ; Leurmontfa, 1920) and is 
illustrated by family blood groups. The ol>scrvations just 
cited show that pure plasma possesses the power of agglu- 
tinating heterologous blood corpuscles. Reviewed together, 
these facts surest that plasma possesses horerlitary pro- 
perties. Other facts pointing in this direction will be cited 
in the discussion of the condition of the blood of abnormal 
persons. In hssmophilia it appears that the hereditary 
quality is an iuoteased stability of plasma complexes. 



CHAPTEE III 


Fibrinogen 

DejSnition and occurrence — Origin — ^Metliod of separation from 
body fluids"— Purification in vitro — ^Behaviour in vivo. 

FiBBiKoaEH exhibits the general characteristics of 
globulin, with one important difference. It is clotted by 
thrombin and is thus distinguished from all other fractions 
of plasma protein. Prom these salient features, fibrinogen 
may be proYisionally defined as globulin that is coagulable 
by thrombin. It will, however, be seen later that this 
definition may apply only to the fibrinogen of body fluids 
and not to fibrinogen divorced from calcium and sodium 
ions. The intravascular coagulants of tissue extracts were 
named ''tissue fibrinogens'’ by Wooldridge (1886-1893), 
and this nomenclature has been adopted by Mills and his 
collaborators (1919-1926). These substances are protein- 
phospholipin complexes and thus differ chemically from 
fibrinogen. They are not clotted by thrombin. Moreover, 
the clots formed by their action probably have not the same 
chemical composition as fibrin. This nomenclature is, 
therefore, inappropriate. 

Sufficient fibrinogen for the complete coagulation of the 
blood can he obtained from the post-embryonic blood 
plasmas of normal vertebrates and from almost all abnormal 
bloods, including that of haemophilics (Wohlisch, 1923). In 
certain rare cases of haemorrhagic disorder fibrinogen may 
be absent, or almost absent, from blood plasma. In such 
cases excessive bleeding occurs from wounds and may be 
mistaken for that found in haemophilia (Morawitz, 1923). 
Fibrinogen may be locally destroyed by the action of either 
streptococci or staphylococci and the blood so rendered 
incoagulable. 
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Fibrinogen is obtainable from lymph, chyle, pcricanlial fluid, 
and from many, but not all, pathological transudates. It is said 
to be present in bone marrow (Muller, 1005), and in the secretion 
of the vesioulje sezninales of the guinea-pig (Landois, 1888). 

The Oiigiii of lihiinogm 

Many facts point to the formation of fibrinogen in the 
livier. Blood clotting is suppressed after hepatic necrosis 
(Iddbeck, 1846; Ansiaux and Corin, 1894), and this is 
accompanied by a marked decrease of fibrinogen (Jacoby, 
1900 ; Schultz and collaborators, 1925). A loss of fibrino- 
gen occurs in cirrhosis of the liver, after the hepatic lesions 
of chloroform poisoning (Whipple, 1913), in acute atrophy of 
the liver (Foster, 1924) and during extensive tubercular 
destruction of that organ (McLester and collaborators, 1924), 
Exhaustive experiments on the variations in the amount 
of fibrin obtainable from blood after changes in diet, trans- 
fusion, hsemorrhage, plasma depletion, cell injury, intoxica- 
tion, inflammation, liver injury and an Eck’s fistula also 
point to the same conclusion (Foster and Whijjplc, 1921, 2). 
The conclusiveness of such evidence is questioned by 
Mathews (1926), on the grounds that other tissues that 
produce fibrinogen may also be injured. The views of 
clinicians are, however, confirmed by those of physiologists. 
An almost complete loss of fibrinogen occurs after the 
occlusion of the hepatic blood vessels with paraffin wax and 
after the extirpation of the liver (Doyen and collaborators, 
1906 ; Nolf, 1905, 1927). 

Less is known of the albged subsidiary souroes of fibrino- 
gen. From its presence m bone morrow and from its increase 
in the plasma during leucocytosis, Miillor (1905) claims that 
the hone marrow is a producer and suggests accessory 
production in the ;^leen. The prosonco of a substance in an 
organ does not afford proof of its origin in that organ. 
Two facts oppose these suggestions, the absence of any 
decrease of fibrinogen in aplastic ansemia (Whipple, 1914) 
and after q>lenectomy. The influence of the pancreas on 
the liberation of fibrinogen (or of its mother substance) from 
the liver seems, however, probable from the observations 
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of Wohlgemuth (1917) and of Hirama (1923). There 
is also some evidence that a small amoimt of fibrinogen is 
stored in the iatestines and can pass again into the circula- 
tion (Roster and Whipple, 1921, 2, 4). 

There remains the possibility of the formation of fibrinogen 
in the blood itself or by the Tascular endothelium. Several 
speculative suggestions have been made. Of these only two 
demand notice. Mathews (1900) suggests that fibrinogen 
is secreted by leucocytes: Herzfeld and Edinger (1920) 
maintain that it is formed in the plasma from raw material 
provided by the disintegration of both leuooo 3 rtes and blood 
platelets. The former suggestion is improbable, since, 
firstly, an increase in the number of leucocytes is not 
associated with any increment of fibrinogen (McLester and 
collaborators, 1926) and, secondly, an increased amount of 
fibrin is obtainable from blood when the leucocytes are 
diseased (Pfeifier, 1897). The latter suggestion gains some 
support from the increase of fibrinogen during the lysis of 
leuooc 5 rtes, but lacks proof. 

There are, however, several indications that the products 
of the lysis of erythrocytes participate in the formation of 
fibrinogen. In immunised horses, Beymann (1924) finds 
a very close comiection between the decrease in the number 
of red corpuscles and the increase of the fibrinogen-globulin 
complex of plasma. He also finds that substances which 
destroy erythrocytes, such as staphylolysin and pyrodin, 
cause an increase of fibrinogen, followed by an increment 
of globulin. According to this observer, the protein of 
erjdhrocytes is converted into that of plasma; but it is 
equally probable that the products of haemolysis merely 
stimulate the production of fibrinogen in other parts of the 
body and are not actually transformed into fibrinogen. The 
statement of Levi-Crailsheun (1923) is more definite, but, 
unfortunately, lacks confirmation. He avers that the 
remnant of protein attached to bUirabin is converted by the 
liver into fibrinogen and passes from thence into the circula- 
tion. This remnant of protein is said to be a converted jtorm 
of globin and thus to be derived from hsemoglobin. Other 
inferences point in a similar direction. Rrom a comparison 
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of the precipitability aad antigenic properties of the fibrino- 
gens of animals of different species, Davide (1025) also con- 
cludes that the raw material of fibrinogen exists in erythro- 
cytes, and that species-variations in the properties of 
fibrinogen are due to different degrees of differentiation 
from the protein of stromata. The original memoir should 
be consulted ; it provides forcible evidence in support of the 
views of its author. It has, however, been sliown that there 
is no conclusive evidence of the transformation of one frac- 
tion of protein into another. 

methods of Sepamtion from Body Fluids 

Two methods are in use in the preparation of fibrinogen, 
namely, precipitation and rc-solution by neutral salts 
(Hammarsten, 1879, 1914 ; Eeye, 1898), and proeipitition 
by slight acidification after dilution with water (Schmidt, 
1879 ; Mellanby, 1909, 1). The latter procedure has bc.'cn 
adversely criticised, owing to the fibrinogen so obtained 
being associated with other globulins (Hammarsten and 
Hedin, 1914). Both methods 3ueld, however, a complex 
of globulins and not a single substance. The method of 
Hammarsten may be described as follows : — 

Three volumes of blood are shed directly into one volume of a 
saturated solution of MgS04, the mixture being constantly stirred. 
The erythrocytes and leucocytes are removed, either by nitration 
or by centrifuging. The salted plasma so obtained is pre- 
cipitated by the Edition of an equal volume of a sjiturated 
solution of NaG. The precipitate is rapidly pressed btstwmx 
filter papers, is re-dissolved in an 8 per cent, solution of NaG, 
and w again precipitated by an equal volume of a saturatwl 
solution of that salt. Bepetition of this i)roceHS, at least thwifs 
times, is necessary when a product approximating to purity is 
required. The fibrinogen, if finely divided, dissolves in water, 
owing to a mall amount of NaCI entangled in the precipitate. 
Further purification is effected by precipitation with twice its 
volume of saturated NaF, re-mssolving in a 0'/5 jKsr cent, 
solution of NH4OH and neutralising. To the final product, a 
1 per cent, solution of NaG is added to facilitate solution (flam- 
maxsten and Hedin, 1914). 

It frequently happens that the second and third precipitates 
will onfy partially dissolve. A solution can bo obtained, how- 
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ever, by adding a few drops of a 0-5 per cent, solution of sodium 
bicarbonate. The final precipitation with IfaE should be 
omitted, since part of the protein remains insoluble. Purification 
by adsorbents should be substituted. 

Two improvements in Hammarsten’s technique should be 
generally adopted. Blood should be shed through a paraflined can- 
nula, and subsequent operations should be conducted at 0 . 

The former procedure prevents contamination with tissue juices, 
the latter partly inhibits changes in the plasma. 

A soluble oxalate or citrate may be used in place of MgS 04 , 
only sufficient for the prevention of clotting being commonly 
used : viz., slightly over 0*1 per cent, of sodium oxalate, or 
0-25 per cent, of sodium citrate. Such solutions are hypo- 
tonic to blood and are said to alter the plasma. Isotonic 
solutions, therefore, are recommended; namely, either a 
1*55 per cent, solution of sodium oxalate, or a 3*6 per cent, 
solution of trisodium citrate (Leendertz and GromelsM, 
1922). Using tests based on the antigenic properties of 
fibrinogen, Davide (1926) could not, however, detect any 
difference in the behaviour of fibrinogen obtained when 
isotonic and hypotonic sodium oxalate were used respec- 
tively. Sodium citrate is preferable to sodium oxalate, 
since the latter salt causes some precipitation of the plasma 
(Leendertz and Gromelski, 1922). Experiments on the anti- 
coagulant action of these salts vn vivo also indicate that in 
some animals, particularly in the cat, there is less disturb- 
ance of the plasma by citration than by oxalation (Pickering 
and Hewitt, 1926). 

The use of (NHJaSO^ in the preparation of fibrinogen was 
first described by Eeye (1898), and was popularised by 
McLean (1920). 

To an oxalated or citrated plasma is added one-fourth of ite 
volume of saturated (NH 4 ) 2 ^ 0 4 . The precipitated protein is 
removed by centrifugmg, and is thrice washed by layeii]^ over 
with a one-fifth saturated solution of (NH 4 ) 2 S 04 . It is then 
dissolved in a 2 per cent, solution of NaQ equal in volume to 
that of the original plasma. Partial purification ^ effected by 
filtration, followed by the repetition of the precipitatmn and 
washing described above. The precipitate is finally dissolved 
in a 1 per cent, solution of NaQ, and when filtered is ready for 
use (McLean, 1920). This process is useful for demonstrations. 
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since the precipitates are readily soluble. In research its value is 
dubious, as a series of solutions exhibiting constant qualities 
cannot be obtained. 

The baneful influence of high concentrations of salts on 
protein was rightly emphasised by Mellanby (1909, 1), who 
utilised the discovery of Delczenno (1807) that the blood 
plasma of birds remains fluid at room temperatures without 
the addition of anti-coagulants. The fraction of protein con- 
taining fibrinogen was precipitated by tho modification of 
Schmidt’s technique described below. 

The plasma of a domestio fowl is diluted with 1&-20 volumes 
of distilled water, and the fraction of protein including fibrinogen 
is precipitated by adding a few drops of a 0-1 per cent, solution 
of acetic acid. The precipitate is ground up in distilled water 
and diluted with water so that tho suspension is equal in volume 
to that of the original plasma (Mellanby, 1909, 1). Material 
free from the products of the artificial lysis of tho formed elements 
of the blood (including thrombocytes) can readily bo obtained 
if the blood is shed through a paraf&uod cannula, and is centrifuged 
under oil in a paraffined tube at the temperaturo of au ice-chest 
(Pickering and Beeves, 1925). 

This process does not give satisfactory results when applicid 
to the blood of cats or rabbits. Although unclottcd plasma can 
be obtained and manipulated at the temperature of an ice-chest, 
the precipitate formed by acidification is only partly soluble in a 
1 per cent, solution of NaCl, even after tho adcution of an appro- 
priate amount of alkali. The “ donaturation ” of protein is 
thus greater than in salting-out. An almost completely soluble 
product can he obtained, .however, when tho cooled plasma of 
the horse is used. Dale and Walpole (1916) tested the value of 
the preparation of fibrinogen by the acidification of the oxalatcd 
pUu^ of the rabbit. A considerable amount ot “ denaiurated ” 
protrin was found. 

3916 Poriflcaiion dt librinogen 

Several attempts have been made to purify fibrinogen by 
adsorption. Dale and Walpole (1916) exposed the oxalatcd 
plasma of the rabbit to a well-shaken sospension of BaB 04 . 
The mixture was tihoronghly stirred and albwed to stand 
for several hours. The BaSO^ was removed by centrifuging. 
Fibrinogen was obtained by udng a slight modification of 
Bamnoarsten’s method. It remained fluid indefinitely when 
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kept cold. A similar teohnique was tised by Bordet (1919), 
the adsorbent being 0 a 8 (PO 4 ) 8 , which had been precipitated 
from an acid solution by addmg ammonia. After adsorp- 
tion by this material, the fibrmogen remains fluid at room 
temperatures. Both these preparations clot on incuba- 
tion at 38° 0. if a few drops of a dilute solution of OaOla are 
added (Sumner, 1922). Contamination with prothrombin is 
thus clearly indicated. A more adsorbent suspension of 
0 a 8 (P 04)2 was obtained by Mills and Mathews (1924) by neu- 
tralising an acid solution of that salt with NaOH. By its 
use fibrinogen was almost divested of prothrombin. Greater 
success attended the work of Sumner (1922). Oxalated 
plasma was shaken with a 10 per cent, suspension of animal 
charcoal, and the fibrinogen was subsequently extracted 
by Hammarsten’s method. It is said that the fibrinogen 
is completely freed from both prothrombin and the products 
of the disintegrations of blood platelets. Great difdculiy 
was experienced in obtaining an adequate supply of charcoal 
that adsorbed the latter material. These experiments were 
repeated by the present writer. In four cases a purified 
fibrinogen was obtained that remaiaed unclotted for a fort- 
night, after adding an appropriate amount of CaCls and 
continuous incubation at 38° C. In ten other experiments 
partial clotting occurred, after incubating in sterile tubes 
for two or more da37s. The stable product coagulated on 
heating to 66°-60° 0., leaving^some uncoagulated globulin in 
solution. like crude fibrmogen it yields, on cataphoresis, 
positively and negatively charged fractions. It is thus 
evident that the fibrinogen prepared by Sumner’s method is 
a complex of globulins canying difierent electrical charges. 
The extent of the alteration produced in this complex by 
adsorption is unknown. A considerable amount of material 
is lost, thus indicating partial disintegration. 

The Properties oE librinogen in iMro 

Prior to the work of Sumner, all investigations on the 
qualities of fibrinogen were made on a complex includuDg 
fibrinogen, prothrombin and material derived from blood 
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platelets. Many of the properties of this complex have 
already been mentioned, but for the convenience of the 
reader are now recapitulated, additional information being 
added: (i.) It exhibits the general characteristics of 
globulin, (ii.) It is clotted by thrombin, (iii.) It is also 
clotted by incubaf/mg at 38° 0. after the addition of a trace of 
Cadg. (iv.) It is coagulated on heating to 50 ° C., yielding 
fibrin and a soluble globuL'n, providing tho c<mceut ration of 
salts and hydrions is the same as in ph'isnia. (v.) It is 
the most readily precipitable fraction of plasma protein 
(see Table I., p. 6), and is thus the least disperst'd of these 
fractions, (vi.) When precipitated by water it forms 
translucent masses, which are white, tough and elastic, 
(vii.) This precipitate dissolves in a 6-10 per cent, solution 
of NaCl. Out of this solution it coagulates at r>2'’-56° C. 
(Davide, 1926). 

Tabub n. — Showing grcephicaUy the Cmcmlrationft of Cofnmon 
SaU within wTdeh lie the Upper and Jjouipr JAviitn of 
Preeipitalion of different FiJlyrinogene on SaUing out from 
20 per cent, plasma. 


PdrcfintAgo of ftdded 

Saturated NaCl Solution. 30 35 40 45 50 flO 05 



The complex containing fibrinegen, exhibits little or no 
specificity in reacting with thrombin. Likewise, the fibrino- 
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gens of animals of different species exhibit no appreci- 
able differences in precipitability from nndiluted plasmas. 
When 20 per cent, plasmas are used, however, the differences 
are striking, as is shown in Table II., abridged from Davide's 
memoir. 

These differences may be interpreted as due to species- 
variations in the stability of plasma complexes, which, on 
dilution, lead to different degrees of dispersion of the pro- 
teins. Specificity is also well marked in the capacity of 
crude fibrinogens to produce antibodies (Gengou, 1902), and 
the degree of specific action corresponds closely with the 
variations in precipitability illustrated in Table II. (Davide, 
1925). 

The coagulability of fibrinogen, after its purification by 
Sumner’s process, was exhaustively investigated by Kugel- 
mass (1922, 1923) and was compared with that of oxalated 
plasma. In both cases the coagulant used was a thrombin 
generated by mixing crude serum with tissue and cell 
extract. The use of crude serum was unfortunate, since it 
contains very variable amounts of prothrombin (Mellanby, 
1909, 1). It is also unfortunate that control experiments 
were not made with a purified thrombin. Despite the diflSi- 
culty in appraising the precise value of this work, it is 
evident that the salient properties of fibrinogen divested of 
prothrombin are almost identical with those of fibrinogen 
bound to prothrombin. Except in the production of 
thrombin, fibrinogen thus appears to be the predominant 
partner in this union. 

According to Kugehnass (1923), the optimum hydrion con- 
centration for the clotting of purified fibrinogen is close to true 
neutrality. This condition also holds good in the clotting of 
mammalian blood (Stuber and Heim, 1916), and in the coa^a- 
tion of oxalated mammalian plasmas by certain phosphatides 
(Zunz and La Barre, 1921). Kugehnass also states that the 
range of hydrion concentration within which clottiog occurs in 
both purified fibrinogen and oxalated plasma hes between nH5 
and pHS, whilst variations on either the acid or alkaline side of 
neutrality delay clotting. This corresponds with the statement 
that the alkalhoity of blood plasma tends to maintenance of 
its fluidity (Mellanby, 1909, 1), and with the finding that the 
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ooagiilaii.t action of thrombin on crade fibrinogen is delayed when 
the medium is slightly alkaline (Herzfeld and Klinger, 1915). 
It is significant, writes Kugelmass, that the limits of hydrion 
concentration within which the clotting of whole blood and of 
ozalated plasma occur, comprise on the one side the isoelectric 
points of serum globulin (4-5) and serum albumin (4'7}, and on 
the other side that of fibrinogen (8), whilst the optimum for 
clotting corresponds with the isoelectric point of fibrin (7‘2}. 
Prom these data, he concludes that the conditions necessary for 
the clotting of mammalian blood are ; (i.) the proteins of serum 
must be on the anion ride of their isoelectric points, and thus 
behave as hydrophile emulsoids, and (ii.) fibrinogen must be 
on the cation ride of its isoelectric point, that is to say, when the 
hydrion concentration is greater than 1 x 10-^ it behaves like a 
hydrophobe colloid. 

Prom the same observations, Ku^imass (1923) suggests 
that the coagulation of fibrinogen is due to the adsorption of 
fibrinogen on particles of thrombin. A similar view was 
suggested by Howell (1916) and is advocated by Hekma 
(1916-1927). It is based on the changes apparent when the 
formation of fibrin is viewed under the ultra-microscope. 
Nevertheless, Howell (1926, 1) questions both the accuracy of 
the work of Kugelmass and the adequacy of his conclusions. 
He states that fibrinogen, when dissolved in a 1 per cent, 
solution of NaCl, has an isoelectric point between 4 and 5, 
and that thrombin in aqueous solution has a similar iso- 
eleotrio point. It is patent that these observations are 
opposed to the conclusion that the reaction of fibrinogen and 
thrombin is always due to the electrical union of oppositely- 
ehaiged particles. There is, however, no doubt that Howell’s 
thrombin differa materially from that used by Kugelmass, 
the fonner preparation being free from phosphatides, the 
latter containiz^ them. The burden of proof that phospha- 
tide-free thrombin exists in shed blood rests, however, on 
HowelL The difficulty in robing conclusions when the 
behaviour of purified material differs substantially £n>m 
that not purified is illustrated by the obsmrvation of Funk 
(cited by Howell, 1926, 1) that albumin and globulin, when 
purified and dialysed, precipitate fibrinogen, for no such 
reaction occurs in whole blood. Sufficient has been said to 
show that dogmatic conclusions on the clotting of fibrinogen 
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are unwarranted. The rapid adsorption of thrombin to the 
masses of fibrin in shed blood points to physical forces being 
important participants in clotting, but chemical changes 
may also be involved. Indications of the chemical action 
of thrombin on fibrinogen will be discussed in Chapter VI. 

According to De Waele (1926, 1927), the fibrinogen of 
blood is a fibrinogenate of calcium, or more probably of 
calcium and sodium, the proportion of these cations being 
a function of the hydrion concentration. Two minima of 
solubility are exhibited, one near pH4, the other near pKl. 
The removal of CO 2 from plasma produces a hydrion con- 
centration which tends to insolubility, and this is mani- 
fested by the gel-formation said to be characteristic of 
calcium complexes. Fibrinogen itself, in contra-distinction 
to its salts, is isoelectric at pH6-9, and is incoagulable by 
heat- It forms compounds with the alkali metals and with 
various acids, these bodies exhibiting varying degrees of 
solubility and of coagulability. When freed from lipoids, 
coagulation no longer occurs in ordinary conditions, but 
coagulability is restored by the addition of cephalin, pep- 
tone, or gelatin. It is claimed that these bodies favour the 
entrance of calcium ions into the fibrinogen complex. 

Eleotrodialysed fibrinogen, when dissolved in 0*8 per cent. 
Nad with a trace of NagCOg {pR of the solution 6-9), pr^erves 
its fluidity and transparency after the addition of eleotrodialysed 
thrombin. The adding of a drop of a 1 per cent, solution of 
CaCla to 1 c.c. of the mixture produces flocculation. Undialysed 
thrombin, which contains ^cium, flocculates eleotrodialysed 
fibrinogen and coagulates oxalated plasma. It appears that 
salts of calcium are essential for the interaction of thrombin and 
fibrinogen (Eabinovitch, 1926). A similar conclusion has been 
reached by Loucks (1926)- 

The Behaviour ol Fihrixiogen in Body Zloids 

One of the landmarks in the history of blood coagulation 
is the observation of Fredericij (1878) that the plasma in 
the excised jugular vein of the horse coagulates at the same 
temperature (56° 0.) as the fibrinogen prepared by Hammar- 
sten. From these facts arose the belief that the fi.brinogen 
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of circulatuig blood is in substantially the same condition 
as that known in the laboratory. The protocols of 
Eredericq’s experiments reveal, however, that the plasma 
in excised veins undergoes rapid change, since a small clot 
and some thrombin are almost invariably present. These 
observations I have confirmed. They show that this plasma 
differs radically from that of normal circulating blood, 
which does not contain either clots or thrombin. The 
coincidence of heat coagulation is thus robbed of the signifi- 
cance commonly assigned to it. 

Several observations establish that the association of 
fibrinogen with body fluids modifies its stability. Hammar- 
sten (1879) found that the fibrinogen of hydrocele fluid 
coagulates at 66° 0. only if a trace of thrombin be present, 
Howell (1916) observed that the fibrinogens prepared by a 
single precipitation from the relatively stable plasmas of 
birds and terrapins are often not clotted by thrombin, and 
this statement applies to the complex containing fibrinogen 
which is precipitated by acidifying the cooled plasma of the 
horse. Lisbonne (1924) noted that certain transudates, 
containing fibrinogen, are resistant to coagulation by the 
thrombin generated by mixing serum and tissue extract. 

Eibrinogen always coagulates in vitro after heating to 
66°— 60° 0. for two or three minutes, providing the concentra- 
tion of salts and hydrions is the same as in blood plnannfl. 
Nevertheless, this is not true in vivo. When the blood in the 
freshly excised and pulsating heart of the cat, with its 
cavities unexposed to air, is heated for fifteen to twenty 
minutes to 66°— 60° C., the fibrinogen remains uncoagulated 
and can subsequently be separated from the plasma by 
salting out. When, however, intraventricular plaaiyin. is 
disturbed by dtration and “ re-oaloifioation,” or when 
partial clotting has occurred, fibrinogen is destroyed at 
these tfflnperatures (Pickering and de Souza, 1923). It is 
thus evident that the fibrinogen of undisturbed plasma 
behaves differently from that of plasma which has suffered 
change. This conclusion was endorsed by Eiessly (1926, 2), 
who, by the repetition of an almost forgotten experiment, 
devised by Hayem (1888), not only demonstrated that the 
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resistance of fibrinogen to coagulants is greater in vivo 
than in vitro, but also showed that the complex containing 
fibrinogen is so labile that stasis in a vein alters its stability. 
The following is the protocol of this experiment : — 

A portion of a jugular vein of a dog was separated from the 
general circulation by double ligature. Ten c.c. of fresh serum 
were then injected into the saphenous vein and ligatures were 
subsequently placed on the corresponding part of the other 
jugular vein. Ten minutes later the animal was killed. The 
blood was fluid in both the general circulation and in the portion 
of the vein which was isolated before the mjection of the serum ; 
that in the segment of the vein isolated after the injection of the 
serum was clotted. It may here be noted that the addition of 
fresh serum to shed plasma hastens its coagulation and that the 
condition of immobility in vitro favours the continuance of 
fluidity. 

It has been amply demonstrated that large amounts ol 
dried and re-dissolved thrombin can be injected into the 
circulation without causing intravascular clotting, and that 
the addition of similar amounts of the same kind of thrombin 
to either plasma or fibrinogen in vitro causes rapid clotting 
(Wooldridge, 1885 ; Mellanby, 1909, 1 ; IMllls and Mathews, 
1924). A stiU current explanation of these facts is the 
supposition that in vivo the thrombin is neutralised by the 
secretion of an excess of antithrombin, produced either by 
the liver (Howell, 1914 ; Gasser, 1917), or by the vascular 
endothelium (Popielski, 1913). In this explanation the 
possibility is ignored that fibrinogen exists in vivo as part 
of a larger complex which resists the action of thrombin. 
Several observations oppose the former view, but are con- 
sistent with the latter. Large amounts of thrombin can 
be injected into the circulation of animals deprived of 
hepatic activity, without causing intravascular clotting 
(Pickering and Hewitt, 1922, 2). In the following experi- 
ments the fibrinogen of blood plasma remained fluid in 
contact with blood clots under conditions which preclude 
the secretion of antithrombin. They also show that dis- 
turbance of plasma complexes is a pre-requisite condition 
for the clotting of fibrinogen by thrombin. 
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The blood contained in the excised jugular vein of an ox was 
transferred by Lister’s method (1880) into a glass tube. The tube 
was sealed. After the expiry of twenty-four hours the corpuscles 
had sedimented and the bulk of the plasma was fluid, except for a 
thin crust of a clot adherent to the tube. The fluid plasma 
clotted in 1 min, 40 secs, when poured on a glass plate. It 
contained active thrombin, since 0*2 c.c. of the plasma rapidly 
clotted 0*5 c.c. of fibrinogen purified by Sumner’s method. A 
control experiment showed that this fibrinogen remained fluid 
after the addition of CaClg and incubation for ten days at 38° C 
In another experiment plasma, similarly obtained, was trans- 
ferred by a paraflflned pipette to a paraffined vessel, evaporation 
being prevented by a film of liquid paraffin. This plasma re- 
mained fluid for an hour after stirring with a paraffined rod, but 
clotted in two minutes after stirring with a glass rod. When 
evaporation was permitted, clotting occurred m 15-20 minutes. 



CHAPTER IV 

The Inception of Blood Clotting 

Oocurrence — Nomenclature — ^The rSk of blood platelets — ^The 
physical changes that maugurate clotting— The material of blood 
plasma — ^The dSbris of blood platelets, cells and tissues — Synthetic 
oot^ulants— Inception of blood clotting in disease. 

DintiisrG the latter half of the last century two discoveries 
completely altered the outlook on blood coagulation. The 
first revealed the presence of platelets in plasma and showed 
that their disintegration in shed blood is closely connected 
with the inception of clotting (Hayem, 1878 ; Bizzozero, 
1882, 1883). The second established the importance of the 
dibris of cells and tissues in the natural coagulation of blood 
in wounds and showed that their introduction into the blood- 
stream may cause intravascular clotting (Fo^i and Pellacani, 
1880 ; Wooldridge, 1886-1893 ; Halliburton, 1886-1896). 

It will be shown later that the coagulants of blood platelets 
contain phosphatides, and that those of tissue juices are composed 
of protem bound to phosphatides. Similar properties are, how- 
ever, possessed by less complex bodies, such as the protein-like 
substauces formed from amino-adds by artificial synthesis 
(Hckering, 1896-7). The intravenous injection of sfiica sols 
also produces intravascular clottiag, but this is probably due 
to damage to the vascular endothelium and not direct action on 
the blood itself (Gye and Purdy, 1922). 

Many years earlier De Blainville (1834) observed that the 
injection of brain-substance, or of emulsions of it, into the blood- 
stream, causes intravenous clotting. The hastening of the 
coagulation of shed blood by the action of damaged tissues has 
also long been known. But these facts were not used in the 
explanations of blood clotting which were current prior to the 
work of Wooldridge. Intravascular coagulants are also obtain- 
able from erythrooj^ (Wooldridge, 1893). 

Substances that either incite or assist blood coagulation are 
obtainable from widely different sources and are said to be present 
in the disintegration products cd all animal cells (Schmidt, 1892). 

87 
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Similar bodies are present in some vegetable extracts, such as 
^ose of yeast and of certain fungi (Nausenbach, 1882 ; Groh- 
mann, 1884). They are also formed by the groTPth of some micro* 
organisms (Loeb, 1903). In clotting by staphylococci, fibrinogen 
is first coagulated and then destroyed. Th^ may occur vdthout 
the production of thrombin, but in some oases the bacteria may 
act like thrombin, or by converting prothrombin into thrombin 
(Gratia, 1919, 1, 2, 1921). With staphylococcus aureus there is 
no formation of thrombin, but olottmg is accompanied by an 
alteration in the hydrion concentration of the plasma (Cekada, 
1926). 

Other substances hasten clotting by augmenting the action of 
natural coagulants. Included in this group are certain proteoses, 
peptides and amino-acids, as 'well as “ lecithin ” and aihed 
substances (Zunz and Gydrgi, 1920 ; Zunz and La Barre, 1921, 
1 . 2 ). 

A hastening of the clotting of shed blood is also caused 
by chemically inert substances 'which are wetted by blood. 
The presence of such bodies in the blood-stream produces, 
however, variable results. Although sclerotic accretions 
in the vascular system are often associated with clots, they 
may be present without causing thrombosis, whilst small 
crystals equal in size to erythrocytes (Pickering and Hewitt, 
1922), finely powdered quartz (Tait and Eldridge, 1926), and 
even strings (Barrett, 1924), can be mtroduced into the 
circulation 'without causing intravascular clotting. 

The Komenclataies in ITse 

Much confusion of ideas has arisen from the many termino- 
logies in use in tiie literature of blood coagulation. Different 
names have been given to the same material, whilst different 
meanings have been assigned to the same term. Clarity 
has been sacrificed to the desire of indi'viduals for a nomen- 
clature consistent only -with their own theories. 

The debris of leucocytes and platelets was named “ throm- 
bokinase ” by Morawitz (1903), as he believed its action 
in blood coagulation is similar to that of a kinase. The 
participant in coagulation present in tissue extract was 
called “ cytozyme ” by Puld and Spiro (1904), thus implying 
that it is an enzyme. This term is used by the important 
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group of investigators who folbw the teaching of Bordet, but 
“ oytozyme ” is defined as a substance present in the dis- 
integration products of blood platelets, cells and tissues 
that unites with a derivative of plasma to form thrombin 
(Bordet and Delange, 1912). The description of cytozyme as 
an enzyme is also rejected by Howell (1911-1926), the term 
“ thromboplastin ” being substituted. Unfortunately, this 
term is commonly used by the makers of various proprietary 
haemostatics and, for this reason, I reluctantly discard it. 

The describing of the coagulants of cells and tissues as 
“tissue fibrinogen” has already been criticised. These 
substances have also been called “ nucleo-albumins ” 
(Bbdliburton, 1886 ; Pekelharing, 1892) and “ tissue coagu- 
lins ” (Loeb, 1903). In the earlier literature, the plasma 
constituent that produces thrombin in shed blood is named 
“prothrombin” (Schmidt, 1892; Pek elhar ing, 1892). The 
word “ thrombogen,” suggested by Morawitz (1903, 1, 2, 
1904), is not exactly synonymous with this term. By the 
action of material derived from the formed elements of the 
blood, thrombogen is said to be converted into a and jS pro- 
thrombin. The former product is stated to form thrombin 
in the presence of calcium ions, the latter to remain inactive 
in serum. It is now known that thrombin loses its activity 
iu serum, and there is no need to distinguish two kinds of 
prothrombin. “ Plasmozyme ” is the name given by Puld 
and Spiro (1904) to the plasma constituent, which is said to 
be converted by cytozyme and calcium ions into thrombin. 
The term “ prothrombin ” was re-introduced by Howell 
(1910-1926), but is defined as a component of plasma that 
can be converted into thrombin by calcium ions alone, 
without the intervention of any other agent, nrha word 
“ serozyme ” is used by Bordet and his collaborators (1912- 
1920) to designate the material in serum, which they believe 
unites with oytozyme to form thrombin. An inactive form 
of serozyme is said to exist in plasma and is called “ pro- 
serozyme.” A different nomenclature is used by Nolf 
(1908-1927). The names “ thrombozyme,” “ throm- 
bogen,” and “fibrinogen” connote fractions of plasma 
protein which are said to combine and so form dots. 
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The term “thrombocyte,” introdnoed by Dekbujrzen 
(1901) to describe the spindle-shaped cells fotmd in the blood 
of amphibians, is now frequently used for all formed elements 
of the blood which are smaller than, erythrocytes. It 
includes the blood platelets of mammals and the small 
nucleated corpuscles of birds and lower vertebrates. 

The idle oi Kood Platdets (Thromhocytes) in the Ihceptioii 

o£ Clottiiis 

Two opioions are current as to the mode of action of 
platelets iu blood coagulation : (1) That their lysis liberates 
a substance essential for the formation of thrombiu (Mora- 
witz, 1904 ; Euld and Spiro, 1904 ; Bordet, 1920 ; Stuber 
and Sano, 1923). (2) That blood coagulation is caused 
primarily by the bTealdng down of platelets and secondarily 
by a reaction in which the disintegration products of 
platelets participate (Gramer and Priiigle, 1913). All these 
investigators agree, however, that the l3^ of platelets is an 
essential occurrence in the spontaneous clotting of blood. 
The most cogent evidence supporting this conclusion is pro- 
vided by the experiments of Gramer and Pringle (1913). 
They showed that the oxalated plasma of mammals when 
deprived of platelets by passage through a Berkefeld filter 
does not usually clot on recalcification at room tempera- 
ture, but coagulates readily on the subsequent addition of 
platelets. It has also been demonstrated that frog’s blood 
does not clot spontaneously when its corpuscles have been 
removed by filtration through vegetable charcoal, and a 
similar loss of coagulability occurs when frog’s blood is 
almost deplateletised by the intravascular injection of 
relatively large amounts of finely divided particles of Indian 
ink (Tait and collaborators, 1926, 1, 2). These results seem 
conclusive to Tait and Green (1926). They suggest that 
platelets contain all the material necessary for the produc- 
tion of thrombin and that the word “ prothrombin ” might 
well be replaced by the phrase “ unruptured thrombocytes.” 

It is unfortunate that these experiments are indecisive. 
Passage through a Berkefeld fidter exposes the plasma to 
adsorbent surfaces and the intravascular injectiLou of finely 
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diyidsd particks also suljjBC'fcs tli6 plasma to adsorption. 
Oxalated plasma, when exposed to adsorbents, loses suffi- 
cient of its prothrombin to remain fluid indefinitely at room 
temperatures after recaloification (Bordet and collaborators, 
1912-1920). Besides tbia loss, partial disintegration of 
protein molecules probably occurs, since Zunz and La Barre 
(1921) found that the addition of certain amino-acids or 
peptides to plasma, after passage through a Berkefeld filter, 
causes clotting. Ihiely diTided particles of Indian ink 
are excellent adsorbents. Vegetable charcoals are even 
more disruptive, since they also remove much of the 
fibrinogen from plasma (Sumner, 1922). Moreover, oxalated 
plflamfl^ which have been deplateletised by filtration at 
different speeds, through animal charcoal, may remain fluid 
indefinitely at room temperatures after recaloification, but clot 
on incubation at 38® C. at different speeds — the time taken 
varying from an hour to four days. Exactly parallel 
phenomena occur when the fibrinogen-prothrombin com- 
plex is exposed to adsorbents, the time of clotting at 38® 0. 
depending on the amount of prothrombin removed. It is 
thus probable that in the removal of platelets from blood, 
by the methods just described, a sufficient amoimt of 
prothrombin is abstracted from the plasma to prevent spon- 
taneous clotting at room temperatures. 

Furthermore, Milk (1927) states that when platelets are 
obtained free from contamination by tissue juices and by the 
Hbria of other blood corpuscles they do not clot purified 
fibrinogen, even after substances which convert prothrombin 
into thrombin have been added. He concludes that plate- 
lets do not contain either prothrombin or thrombin but, 
like tissue juices, they contain material which reacts with 
prothrombin. 

There is a considerable amount of evidence that in certain 
conditions of both mammalian and bird’s blood the thrombo- 
cytes are of less importance than other participants in 
clotting. The oxalated plasma of mammals killed at the 
height of digestion clots on recaloification almost as readily 
after the removal of blood platelets by passage through a 
Berkefeld flOiter as when imfiltered (Cramer and Pringle, 
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1913). This is also true of plasmas deprived of platelets by 
filtration through animal charcoal. It is thus evident that 
the products of digestion may take the place of the dis- 
integration products of platelets in the inauguration of 
clotting. That these coagulants are either amino-acids 
or peptides seems probable from the already mentioned 
observation that such substances clot deplateletised plasma. 
An important subsidiary mechanism for the arrest of 
haemorrhage exists in animals that do not commonly fast. 

Other evidence pointing in the same direction is sum- 
marised below : — 

It is stated that citrated rabbit’s plasma slowly clots on recal- 
cification after all its platelets have been removed (Boskam, 
1926). (1) The intravascular injection of various substances, such 
as gelatin, ‘‘peptone” and neutralised thymus nucleic acid, 
may cause a temporary disappearance of platelets from the blood- 
stream, without markedly decreasmg the coagulability of the 
blood (Aohard and Aynaud, 1908, 1, 3 , Sacerdotti, 1908 , Roskam, 
1922-1923; Pickering and Hewitt, 1924). The platelets are 
not destroyed, but are removed from circulation by aggrega- 
tion in the capillaries (Roskam, 1922-1923). (2) When blood 
clots in a moist chamber on a vaselined surface, coagulation 
commences independently of the platelets (Achard and Aynaud, 
1908, 2). (3) A like occurrence may sometimes be seen when 
blood, after the addition of nicotine, is viewed under the ultra- 
microscope. The needles of fibrin formed either may commence 
from agglutinated platelets, or may appear diffused in the plasma 
without the agglutination of platelets (Mangold and Kitamura, 
1924). (4) There is no constant relationship between substances 
that inhibit the lysis of platelets and those which delay the 
inception of blood clotting (Pickering, 1926). (5) The blood 
plasina of the domestic fowl, when divested of all formed ele- 
ments prior to their lysis, clots after severe shaking, and after 
incubation in a sterile tube for ten hours or longer. The addition 
of a few drops either of thrombocyte-extract, or of tissue extract 
produces clotting in a few minutes (Pickering and Reeves, 
1926, 1, 2). All the materials necessary for clotting are thus 
present in the plasma of the bird, but the intervention of pro- 
ducts derived from either ceUs or tissues is essential for a speed 
of coagulation sufBloient for the control of haemorrhage. 

GChe evidence provided by pathologists is not so varied, but 
it is also suggestive. In purpura hsemorrhagica the number of 
platelets in blood exhibits no relationship to its coagulability 
(Pratt, 1906). A fall from 300,000-400,000 per c.mm. to less 
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than 10,000 per c.mm. may occtir without auy change in the 
speed of clottiag (Eoskam, 1922^1923), whilst cases of pernicious 
ansemia have been recorded in which there is said to be a com- 
plete absence of platelets in blood that clots rapidly when shed 
(Ehrlich, 1924). 

In haemophilic blood the platelets are more stable than in 
normal blood (Howell, 1926, 2), but such blood may remain 
fluid at room temperatures after the complete lysis of platelets 
by the addition of saponin. 

Despite these facts, platelets are usually an important 
factor in clotting. Their partial removal from oxalated 
plasma delays clotting after reoaloification (Mosen, 1893), 
and the subsequent addition of disintegrating platelets, or 
extracts of them, to such plasma hastens its coagulation 
(Bordet and Delange, 1912). Similar phenomena occur 
when cat’s plasma, obtained by centrifuging cat’s blood in a 
paraflSbaed tube at 3°-“4® 0., is substituted for oxalated plasma. 

The fluidity of pure bird’s blood in vitro is largely due to the 
stability of its thrombocytes at room temperature. At 30‘’-40° C. 
the thrombocytes disintegrate on surfaces wetted by blood, and 
release a coagulant possessing the properties of cytozyme. 
The thromboc^es of the bird are, therefore, important parti- 
cipants in the arrest of internal haemorrhages and of bleeding 
on hot skin. The juices of the damaged tissues of birds (domestic 
fowl and duck) contain an active coagulant and also rapidly 
disiutegrate thrombocytes, even at room temperatures. 

The Physical Changes that Inaugurate doitmg 

In mammalian blood the lysis of platelets is not the 
primary cause of spontaneous clotting. Prior change in 
the plasma is an essential occurrence. Several facts support 
these statements. 

White thrombi composed of disintegrated platelets can form 
naturally in blood vessels without oausing clotting in the adjacent 
blood. (The blood retaias its capacity to clot when shed.) 
Similar localised thrombi have been produced experimentally 
m the right ventricle and pulmonary artery by the intravascular 
^^tion of tissue extracts (Gutmann, 1914 ; Burke and Tait, 
1926). The intravenous injection of saponin into anaesthetised 
cats completely disintegrates the platelets without causing 
mtravasoular clotting. Similarly, if saponin is mixed with 
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shed Tinder oil on to psiralBn, the platdets are destroyed, but 
the blood remains fluid at room temperatures for an hour or 
longer. Stirring with an oiled rod does not provoke clotting, 
but stirring with a glass rod causes rapid coagulation. 

The observations just described show that physical changes 
in the plasma are a necessary prelude for the interaction of 
blood plasma with the dSnia of platelets. In like manner, 
ph 3 ^cal rather than chemical action is the cause of the 
lysis of thrombocytes on surfaces that are wetted by blood, 
since their disintegration is more rapid on chemically 
cleaned glass than on glass not so clean (Tait and Green, 
1926). Each of the initial steps in the clotting of blood is, 
therefore, a physical process. 

The physical aspects of blood coagulation have attracted 
the attention of several writers. Bordet and his collabora- 
tors (1912-1920) state that the first change in blood shed 
upon a surface which it wets is due to contact-action 
converting an inactive constituent of the plasma (prosero- 
zyme) into a chemically active substance (serozyme). The 
only explanation given of the physical forces involved is that 
adsorption by the wetted smf ace concentrates and renders 
active the inactive material (Bordet, 1919). Nolf (1908- 
1922) distinguished “ tbromboplastic substances,” which 
act as physical disturbants of the plasma, from plasma con- 
stituents that unite in the formation of clots. In the former 
category are included tissue juices and bodies wetted by 
blood. Erom observations on the influence of changes in 
the pressTue of mixtures of Og and CO 2 on the speed of the 
clotting of blood shed on parafiQned surfaces, Ohio (1917) 
infers that the tension of GO 2 in plasma affects the equili- 
brium of the calcium salts and so regulates fluidity and 
clotting. The recent work of Baumberger (1926) lends some 
support to this view. But shed blood slowly clots on 
water-wettable surfaces when the gaseous tensions of the 
plasma are preserved unchanged. Eurthermore, blood 
circulating through a collodion tube connecting an artery 
and a vein forms thrombi composed of platelets, and subse- 
quently clots (Shionoya and collaborators, 1927). Accord- 
ing to Herzfeld and Klmger (1917-1920), the chief factor in 
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blood clotting is an alteration of the dispersion of plasma 
protein, whilst Hehma (1916-1924) attributes fibrin forma- 
tion to a change from a state of emulsion to one of true 
suspension followed by the aggregation of particles. Bloch 
(1920) affiTtriH that oontaot of the blood with air, dust and 
so-called thromboplasticmaterial converts “inactive calcium” 
into a precipitant of plasma colloids, but experimental 
evidence in support of this suggestion appears to be wanting. 

Several writers have noted the similarities of the pheno- 
mena of blood clotting to those of precipitation. Howell 
(1916) showed that in the action of thrombin on fibrinogen 
the formation of a precipitate or of a gel depends on the 
electrical condition of the fibrinogen. Zunz (1922) observed 
that the addition of oytozyme to fibrinogen causes fiocoula- 
tion, whilst Reeves and I found that the production of a 
slight precipitate in pure bird’s plasma often induces gel- 
formation. Bearing these facts in mind, the electrical 
changes produced by the contact of blood with a surface 
which it wets seem sufficient for the inauguration of clotting. 
A wetted surface becomes electronegative, and the presence 
of a negative charge implies the existence of an equal posi- 
tive charge in the liquid in contact with it, as the other com- 
ponent of the Helmholtz double layer. Some of the colloidal 
complexes of plasma are electronegative, since the clotting 
of circulatiag blood in an electric field takes place at the 
pole which accumulates negative charges (Lusk, 1912), 
whilst serum is electrically inactive (Hardy, 1903 ; Robert- 
son, 1918). A change in electrical conditions is thus a 
feature of normal clotting. Ions of the opposite sign to that 
of the substance precipitated act as precipitating agents 
(Loeb, 1921). The electrical conditions requisite for pre- 
cipitation thus exist when blood is in contact with a surface 
which it wets and clotting results, like conditions are 
present in blood in contact with wounds, whilst the juices of 
damaged tissues disturb the plasma by their hydrophile 
qualities and by alterations in the distribution of electro- 
lytes (Pickering and Hewitt, 1921). A similar esplanation 
seems applicable to the lysis of platriets on soifaces wetted 
by blood. 
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contaias all that is necessary for its clotting. By cooling 
the oxalated plasma of a horse to 0° 0. for two days, Noli 
(1921, 1, 1922) obtained a protein precipitate which is 
insoluble at 0° C., but soluble at 37® 0. (This is the material 
called “ thrombozyme ”). It reacts, says Nolf, with the 
prothrombin of mammals, but not with that of birds or 
fishes, and thus differs from the cytozyme of blood platelets, 
which does not exhibit specificity in reacting with thrombin. 
It is insoluble in alcohol and again differs from cytozyme. It 
was not apparently tested for phosphorus. The pure plasma 
of the domestic fowl (deprived of all formed elements pnor 
to their lysis) also yields, when similarly treated, a precipi- 
tate possessing the solubilities of thrombozyme. This body 
gives the xanthoproteic, biuret and tryptophane reactions 
and contains phosphorus. When added to the plasma from 
which it has been precipitated, it slowly causes clotting. 
It is not an enz 3 ane, since its activity is retained after 
heating to 100®-120° C. AU that is necessary for clotting 
therefore exists in bird’s plasma (Kckering and Beeves, 
1926, 2). 

The following experiment shows that thrombin is obtam- 
able from the deplateletised plasma of the cat : — 

Blood is shed from an anaesthetised fasting oat through a 
paraffined cannula into isotonic sodium oxalate. It is centd- 
fuged in an ice-chest, twice filtered through animal charcoal, and 
the plasma so obtained is recalcified. (This plasma does not 
dot Epontaneously at room or body temperature and does not 
contain blood platelets.) It is shahen with an equal volume of 
chloroform for an hour in a sealed tube. The chloroform extract, 
on evaporation to dryness, yidds material containing protdn 
which gives the distinctive reactions of thrombin ; ^t is to 
say, it dots both oxalated plasma and fibrinogen pinified by 
Sumner’s method. 

Material capable of generating thrombin, therefore, exists 
in deplateletised pl^>sma, but it is so firmly bound to other 
plasma complexes that it remains inactive until released 
by some extraneous agen<gr. Among natural bodies, crude 
cephaJin is active in this respect, for it has been shown by 
Mills and Mathews (1924) that plasma which has almost 
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been deprived of coagulants by adsorption clots slowly 
(in sixteen hours) at room temperatures after the addition 
of cephalia.” At body temperature this releasing action 
is rather more active, since plasma which has been rendered 
almost incoagulable at room temperatures by adsorption 
with animal charcoal clots in one to seven hours after incuba- 
tion with cephalm. Most tissue juices contain crude cephalin. 
Their coagulant action may be due partly to the cephalin 
releasing the natural coagulants of the plasma from bondage. 
A more important reaction is the complete release of pro- 
thrombin when fibrinogen is clotted. Thus, in normal blood 
coagulation the stable reserve of prothrombin becomes 
rapidly available for a further production of thrombin. 

The origin of the phosphorns-contaming material of blood 
plasma is nnlmown. Possibly it is derived from the natural 
lysis of the formed elements of the blood. The speculations 
on the oyigin of prothrombin do not appear to be suflBLciently 
oonelusive to necessitate detailed discussion. Workers in this, 
domain should, however, consult the papers of Nolf (1906, 
1921, 2), Bayne- Jones (1912), Bordet and Delange (1912), Drinker 
and Drinker (1916), Hurwitz and Drinker (1918), Tait and Green 
(1926), and Mills (1927), 

The debris o£ Blood Platelets^ Cells and Tissues 

Disintegrating platelets are usually obtained by centri- 
fuging oxalated plasma. The uppermost layer of corpuscles 
contains the platelets. When transferred to distilled water 
or isotonic saline they completely disintegrate. The particles 
should be thrice washe'd in isotonic saline, since oxalates 
sKghtly inhibit the onset of blood clotting (Stuber and Sano, 
1923). The centrifuging of blood, shed through a parafiSbaed 
cannula, in a paraffined tube at 3®-4® C., gives a better 
preparation of platelets. 

The dibris of platelets is soluble in alcohol, toluol and 
benzene, but is almost insoluble in acetone. Since these 
solubilities are exhibited by the lecithins, Bordet and De- 
lange (1913) suggest that the cytozyme of platelets is allied 
tp such bodies. A similar conclusion was reached by Hirsch- 
feld and Klinger (1913), but is disputed by Howell (1912, 
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and thirteen phosphatide molecules. Partial disintegration 
by fat solvents leaves each fraction with only a small part 
of its origiaal activity ; complete disintegration yields 
41 per cent, of cephalin and an anti-coagulant globulin. 
Most of the cephalin is said to be bound firmly to the protein 
molecule, and whilst in this condition to have no power of 
participating in the formation of thrombin. A small amount 
of cephalin is described as “ free,” and is believed to combine 
with prothrombin to form thrombin. The chemical con- 
stitution assigned to lung extract should be regarded as 
provisional, for, as Howell (1926, 1) points out, it is based on 
analyses of imperfectly purified material. It seems estab- 
lished, however, that in tissue extracts protein is bound 
to phosphatide material, and that the united material is more 
efieotive in promoting clotting than is phosphatide alone. 

Several facts discredit the suggestion that the. active 
material of blood platelets, cells and tissues is an enzyme. 
The dibris of platelets can be heated to 100° C. without losing 
its activity, whilst the cytozyme in serum resists even higher 
temperatures (Sunzeri, 1923). Moreover, the cyinzyme of 
platelets and of cells is apparently consumed in the produc- 
tion of thrombin (Bordet and Delange, 1912). Some indica- 
tion of the nature of this reaction is afiorded by the observa- 
tion of Bordet (1919, 1920) that cytozyme unites in varying 
proportions with prothrombin, in a manner similar to union 
of toxins and anti-toxins. 

An er^lanation is required, however, of the observation of 
Mdlanby (1917) that in the production of thrombin from the 
fibrinogen-prothrombin complex the reaction is small at first, 
but proceeds with a constantly increasiag velocity, in a similar 
manner to enzyme action. Mills (1926, 1) states that for every 
molecule of fibrinogen removed from plasma as fibrin, there are 
about tight molecules of prothrombin and cephalin Hberated to 
form thrombin. It is this ratio of prothrombin to fibrinogen 
that is said to determine the cumulative character of the clottmg 
process and simulate enzyme action. Although the precise 
proportion of prothrombin and fibrinogen molecules (or aggre- 
gates) may not be in the ratio suggests, there seems no doubt 
that the clotting of fibrinogen releases prothrombin from plasma, 
and BO progressively increases the production <rf thrombin. 
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Another explanation of the behaviour of cytozyme in 
clotting is advocated by Howell (1911-1926). He supposes 
that the cephalin in this material in some way neutralises 
certain inhibitory substances, which he believes are avail- 
able in blood and preserve its fluidity. He identifies the 
inhibitory bodies with heparin and antithrombin. It is 
difficult to accept this conclusion. Heparinised blood is 
much more stable than normal blood ; it remains fluid at 
40° 0., and is not clotted by shaking with powdered glass. 
Moreover, it is stated that some antithrombins are not 
neutralised by cytozyme (Dale and Walpole, 1916 ; Gratia, 
1921 ,2). A recent attempt has been made, however, to har- 
monise the work of Howell with that of Bordet. Cytozyme, 
says Mills (1926, 2) reacts with prothrombin and forms 
thrombin, but also neutralises the antithrombin. He states, 
however, that the latter reaction occurs in serum, but not 
in unclotted blood. If this be true, the neutralisation of 
antithrombin has no relationship with the preservation of 
the fluidity of circulating blood. 

The stability of bird’s plasma in vitro has been explained as 
due to the presence of a large amount of antithrombin (Mellanby , 
1909, 1) This plasma is clotted by chemically inert powders 
(Howell, 1926), and by shaking (Pickering and Beeves, 1926, 2). 
Mammalian plasmas (of the cat and rabbit) which have been 
stabilised by the addition of a minimal amount of Howell’s 
antithrombin, do not clot when similarly treated. These facts 
seem irreconcilable with the explanation just cited. They are, 
however, intelligible by assuming that the colloids of bird’s 
plasma are more firmly bound together than those of mammalian 
plasma, but can be dissociated by physical forces. 

It is possible, however, partly to reconcile the conclusions 
of Howell with my own. In both outlooks,, prothrombin and 
calcium ions are regarded as essential participants in the 
spontaneous clotting of blood, and the inactivity of pro- 
thrombin in vivo is explained by its association with stabilis- 
ing material. Both writers believe that cytozyme modifies 
the condition of the stabilising material and so permits the 
formation of thrombin from prothrombin. But here our 
opinions diverge. It seems to me that cytozyme disturbs 
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produced a coagulant which is less aotive than the origioal 
extract. Furthermore, Vines (1921, 2) noted that the coaga- 
lant action of commercial lecithin (which contains cephahn) 
is augmented by the addition of tissue extract. This is 
ascribed to the added protein beeping the lipoid in a state 
of fine suspension, and not to a chemical reaction. 

The Inception of Blood Gottiiig in Disease 

The pre-olot changes in blood plasma during disease have 
almost escaped attention and should provide a fruitM 
field of research. Attention will be directed to the occur- 
rence of such changes in anaphylactic and anaphylactoid 
phenomena and in intoxication by arsenobenzols. They are 
probably an essential feature in those allergic reactions 
which involve alterations in the stability of the blood. 
Variations in the condition of the participants in the incep- 
tion of clotting seem also apparent in malaria from the 
occurrence of reactions similar to anaphylactoid phenomena. 

The pre-clot changes in blood are inhibited in heemophilia 
and similar changes probably tabe place in other hsemor- 
rhagic disorders which exhibit delayed blood clotting. 
In normal blood the pre-clot changes are reversible (Pickering 
and Hewitt, 1921 ; Kugelmass, 1923), but it is not known 
if a like reversibility is a characteristio of morbid pre-clot 
changes. A decision on this question might prove of 
importance in therapy. 

Observations on the speed of change of prothrombin into 
thrombin have been xused in the investigation of hsemophilia and 
in differentiating some of the more otocure fomos of purpura 
(Gifl&a, 1928). This method and determinations of the stability 
of the fibrinogen-prothrombin complex by its resistance to 
adsorption, should be employed in mvestigating the blood in the 
disorders named above as well as in fevers, and might provide a 
means of defining conditions which are still obscure. 



CHAPTER V 


The Stabilisation of Blood Plasma 

The importance of the stabilisation of prothrombin. — ^Anti- 
thrombokmase and antiprothrombin (heparin) — ^The conclusions of 
Bordet — Stabihsation by protective colloids — The hypothesis of 
Mills. 

In a recent discussion of physiological equilibrium, 
Cannon (1926) suggests that the stability of body fluids in 
vivo is preserved by more complicated processes than those 
involved in simple ph^^sico-chemical reactions. This special 
form of equilibrium is designated ''homeostasis,’’ and it is 
suggested that any tendency to change is met by an increased 
effectiveness in the factor or factors which lessen change. 
" This postulate,” says Cannon, " resembles the principle of 
Le Chatelier (1888), but differs in being conditional ; in 
biology the organism may become not more but less resistant 
to a disturbing agent — e.g,, anaphylaxis.” Other writers 
have recognised the possible application of Le Chatelier’s 
theorem in the explanation of the resistance of blood plasma 
change (Pickering and Hewitt, 1922, 2), but a less generalised 
concept appears sufS-cient for the explanation of the stability 
of normal circulating blood. 

It has been shown that the capacity of plasma to clot 
spontaneously increases pari passu with the removal of 
prothrombin. All the known facts point to the conclusion 
that the activity of prothrombin is necessary for spontaneous 
clotting. It thus appears that the problem of the main- 
tenance of the fluidity of circulating blood is essentially that 
of the stabilisation of prothrombin. 

Antithrombokinase and Antiprothrombin (Heparin) 

Attempts have been made to explain the inactivity of 
prothrombin in vivo by postulating the presence of specifib 
inhibitory substances in plasma. CoUingwood and Mac- 

57 
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preoipitaticHQ. 'with acetone and xe-solution 'with 0*6 pet 
NaCl ; the precipitate is layered over with equal parts of acetone 
and water to remove the NaCl. The precipitate is dissolved in 
water and evaporated to dryness. The final product u readily 
soluble in water, is stable at 100° C., and is an extremely active 
anti-coagulant m viw and in vitro. An anti-coagulant resembl^ 
heparin is obtainable in minute quan-tities, when the blood plmnwn 
of fasting dogs is sunilaxly treated. The precise composition 
of heparin is not yet known. In a recent letter, Prof. Howell 
informs me that he bdieves that it is a glycuionate and that 
besides preventing blood clotting it preserves blood platelets 
in a normal condition for twenty-four hours. 

There is another reason for suspending judgment on the 
significance of heparin in blood coagulation. In two or 
three hours heparin loses its anti-coagulant action in mo 
and produces increased coagulability of the blood. The 
foUowing experiment illustra'tes these changes. Reed (1926) 
found that blood shed six minutes after the intravascular 
injection of 100 mg. of heparin into a 14;-kilo dog remained 
fluid permanently. Serial bleedings during IJ hours 
showed, however, a gradual restoration of coagulability. 
Blood shed an hour later clotted in 1 minute, 40 seconc^, 
whilst that obtained after 40 more minutes had passed clotted 
in 40 seconds. It is difficult to reconcile these observations 
with the supposition that heparin permanently preserves 
the fluidity of circulating blood. 

Many years ago Conradi (1901) found that the advanced 
antolysis of animal tissues produces substances that hinder 
the clotting of blood. Anti-coagulants can also be obtained 
by the autolysis of v^etable products, and one of these 
bodies possesses similar properties 'to heparin (Hckmmg and 
Hewitt, 1922, 1). It is possible that when the antolysis of 
cells and tissues is very active, sufficient heparin may be 
liberated into the hlood-stream to impair the coagulability 
of the blood. It is significant that indications of 'the presence 
of heparin in blood have been obtained only in the plasmas 
of animals which axe either fasting or are suffering from 
“ peptone ” shook. In both these conditions ■the ocomrenee 
of abnormal autolysis seems certain. A gimilar explanatiou 
seems applicable to the sli^tly decreased ooagulabiliiy of 
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the blood in fevers, since in such conditions an excessive 
destruction of tissues occurs. 

The Condnsions of Bordet 

Thrombin is formed more rapidly when an ozalated 
solution containing prothrombin has been mixed with cyto- 
zyme for one or two hours and is then reoalcified than when 
recalcification tabes place immediately after the addition 
of cytozyme. Thrombiu is formed less rapidly in freshly 
prepared oxalated plasma after the addition of cytozyme 
and dilute CaClg than after the addition of cytoz 3 nQae to 
serum. To explain these facts, Bordet and Delange (1913, 
1914) surest that the prothrombin of plasma (re-named 
“ proserozyme ”) cannot directly unite with cytozyme, but 
is the mother substance of a body (serozyme) which appears 
in shed blood and unites with cytozyme, forming thrombm. 
In a later paper, Bordet (1920) reverts to the earlier sugges- 
tion that the plasma is stabilised by specific anti-coagulants, 
but points out that the material called proserozyme may be 
actually prothrombin masked by a protective colloid, which 
prevents, or at least retards, the reaction with cytozyme. 

Stabilisation by Protective Colloids 

It seems to me that the relationships of prothrombin in 
plasma provide an adequate explanation of its inactivity 
in vivo. Some of the prothrombin of plasma is loosely 
attached to fibrinogen, since it is readily removed by 
adsorption. A considerable amount is, however, more 
firmly boxmd by fibrinogen. It can be released only by 
drastic action, such as coagulating the fibrinogen to which 
it is united, or by extraction with chloroform. In the latter 
case thrombin is rapidly formed. For example, sufficient 
thrombin is obtainable by shaking with chloroform an oxa- 
lated plasma which has been rendered stable at room 
temperatures after recalcification (by the partial adsorption 
of prothrombin) to clot a larger amount of fibrinogen 
exists in such plasma. It thus appears that much of the 
prothrombin is inactive, owing to the firmness of its 
with fibrinogen. An explanation is required, however, of 
the stability of loosely bound prothrombin in unshed blood. 
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The general review of plasma in Chapter n. points to 
the conclusion that the fractions of protein obtainable from 
plasma are products of the dissolution of a single complex, 
and that this complex is held together either by adsorption 
or by secondary bindings which do not involve true chemical 
reactions. Sinailar unions of colloids possessing tiiffaraTit 
stabilities are the distinctive feature in colloidal protection 
against the action of precipitant ions (Billitzer, 1906 ; Zsig- 
mondy, 1920). It is established that the action of cfllnin Tw 
ions is essential for thfe activity of prothrombin (Arthus and 
Pag^, 1890 ; Sabbatani, 1901). If plasma colloids are 
Tinited in the manner suggested, the union of prothrombin 
with the more stable colloids of plasma provides sufficient 
explanation of the suppression of such action and of the 
stability of prothrombin in undisturbed plasma. In short, 
an inter-relationship of plasma colloids in which the more 
stable complexes are united to and protect the less stable 
complexes is the essential factor in the preservation of the 
fluidity of blood in vivo (Pickering, 1925, 1926). 

The recent work of EeinCT (1927) on the fractionation of 
euglobulin points in the same direction. Its chief constituent is 
a protem practically insoluble in water and in physiological 
saJme, and this body is associated with a protective colloid. By 
dialysis, the union with the protective colloid dissociates and the 
eu^obt^ precipitates. After a first precipitation, the pre- 
cipitate still contains considerable amounts of protective colloid 
and may be dispersed as a cloudy solution in saline. After 
repeated precipitations, the content of protective colloid and the 
dispersibility of the globulin decrease. It was also noted t^t 
the protective colloid protects the globulin from the denaturating 
action of ether-alcohol. 

The activity of prothrombin in blood shed upon surfaces 
which it wets is also intelligible. The forces of contact- 
action dissociate plasma complexes, and protective nninna 
no longer restrain the action of calcium ions on prothrombin. 
Many other changes occurring in blood plasma are ex- 
plicable when viewed from this standpoint. A few examples 
may now be recalled : — 

(1) Crrculatmg blood and blood shed on para£5n-wax or on 
oil is not in contact with a surface which it wets. The normal 
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inter-relationships of plasma proteins remain Tindisturbed, mth 
the consequence that fluidity is preserved. 

(2) Any extensive damage to the vascular endothelium pro- 
duces conditions similar to those occurring when blood is shed 
in a wound. The damaged lining of the blood vessels is wetted 
by plasma and by contact-action dissociates plasma complexes, 
and so releases sufficient prothrombin from bondage to initiate 
clotting. Thus it is that clots are formed. 

(3) The addition of viscous substances to blood immediately 
after it is shed hinders clotting, but does not suppress coagula- 
tion when thrombm is formed (Pickering and Taylor, 1924). 
Similarly, blood shed immediately after the intravascular injec- 
tion of a large amount of gum may remain temporarily fluid 
(Foster and tipple, 1921, 3). Restraint of the movements of 
calcium ions by the viscous material, with a consequent delay 
in the change from prothrombin to thrombin, affords a sufficient 
explanation of these facts 

(4) The addition of a small quantity of distilled water to the 
relatively stable plasma of the terrapin provokes clotting, whilst 
the addition of a like amount of isotonic saline has no such effect 
(Howell, 1914). The distflled water alters the osmotic pressures 
in the plasma and thus favours dissociation ; the isotonic fluid 
leaves the osmotic pressures unchanged and does not promote 
disintegration. 

(5) Both oxalated and citrated plasmas clot more slowly on 
recalciflcation than plasma which has not been so treated. 
The formation of unions of the salt and plasma, which are more 
stable than those of pure plasma, accounts for the delayed 
reaction. A longer time is required for the dissociation of these 
complexes than suffices for the dissolution of normal plasma. 

(6) In the complete suppression of clotting by the addition 
of moderate amounts of neutral salts to blood, the unions of 
salt and plasma are more stable ; the plasma is sufficiently 
stabilised to resist dissociation by contact action and its pro- 
thrombin remains inert. This conclusion is consistent with 
absence of thrombm in such plasmas, as observed by Wooldridge 
(1893). Similarly, the anti-coagulant action of heparin, of 
neutralised thymus nucleic acid, of peptone ” m vitro and 
partly, if not wholly, in vivo, may be ascribed to more or less 
firm imons of these bodies with plasma protein and consequent 
restraint of dissociation. A similar reaction explains the anti- 
coagulant action of several arsenobenzols, since these bodies 
also restrain the inception of clotting m which prothrombin 
suffers change, but do not suppress coagulation by thrombin. 

The failure of stabilarsan (arsenobenzol combined with glucose) 
to suppress blood clotting (Anwyl-Davies and Mellanby, 1923) is, 
however, significant. This compound has no restraining action 
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on haemolysis, whilst anti-coagulant arsenobenzols are also 
anti-hsemolytio (Hckeiiag and Taylor, 1924) Attention has 
already been directed to the parallelism of behaviour in sub- 
stances that suppress the inception of blood clotting and those 
that inhibit haemolysis. It now appears that when certain 
affinities of arsenobenzol are satisfied by combination with glucose, 
the power to inhibit both these processes is lost. It seems 
apparent that similar reactions occur in the stabilisation of 
plasma and its corpuscles. In this connection it may be men- 
tioned that “peptone,” cocaine, neutralised nucleic acid and 
heparin each inhibits the lysis of blood platelets and the inaugura- 
tion of blood clotting. 

It should, however, be remembered that it is not yet 
established that the complexes of plasma are bound together 
by physical forces. The unions may be solely due to chemical 
action. If this be true, the stability of plasma in vivo may 
be ascribed to the satisfaction of the affinities of prothrombin 
by combination with fibrinogen and the instability in vibro 
to the dissolution of this combine by contact catalysis. It 
would then appear that there are two distinct modes of 
combination of fibrinogen and prothrombin — ^a stable and 
unstable form — and that the unstable combination partici- 
pates in the inception of clotting. 

The Hypothesis t& Mills 

A somewhat similar explanation of the inaotiviiy of 
prothrombin in vivo has recently been published by Mills 
(1926, 2). He believes that thrombin cannot be produced 
from prothrombin so long as blood fibrinogen is unchanged. 
There is, however, no evidence that fibrmogen changes its 
nature directly the blood is shed, but evidence has been cited 
that it is rapidly dissociated from other plasma complexes. 
In a note added to this paper. Mills su^ests that the disso- 
ciation of plasma constituents is the primary cause of 
clotting, but he assigns the stability of unshed plasma to 
chemical combinations. It is implied that fibrinogen is 
united to prothrombin chemically. This seems dissonant 
with the fact that a fraction of prothrombin can be separated 
from plasma by adsorption. 



CHAPTER VI 

Thrombins and Antithrombins 

Thrombins — ^Description and occurrence — ^Methods of preparation 
— ^Properties — Composition — Role in blood coagulation — ^Mode of 
action — ^Inactivation in serum. 

Antithrombins — ^Methods of preparation — Supposed presence in 
plasma — ^The antithrombic action of serum-*— Mode of action in 
preventmg clottmg. 

Clotted blood hastens the coagulation of blood that is 
still fluid. It clots solutions containing fibrinogen as well 
as oxalated and citrated plasmas. The last two reactions are 
distinctive of a coagulant that is present in blood clots and 
in serum. This material is commonly called “thrombin/’ 
but has also been named “ holozym ” (Fuld and Spiro, 
1904) and “ thrombase ” (Anwyl-Davies and Mellanby, 1923). 
A satisfactory definition of thrombin is not yet possible. A 
pure product has not been isolated. Moreover, important 
chemical differences exist in the thrombins prepared by 
different methods, and it is not known whether these diffe- 
rences are due solely to different degrees of purity or if bodies 
of different composition possess the properties of thrombin. 

All attempts to obtain thrombin from blood which does 
not contain clots have failed. It is true that traces of 
thrombin can sometimes be detected in oxalated plasma. 
These are probably derived from clots in the cannula through 
which the blood is shed, since thrombin is not present in 
oxalated blood which has been shed through a freshly para- 
ffined cannula. Thrombins are apparently produced by the 
changes that culminate in blood coagulation. 

Several writers imply that thrombin cannot exist in a 
free condition in circulating blood. It is said to be neu- 
tralised by antithrombm (Mellanby, 1909,1 ; Howell, 1911 ; 
Mills and Mathews, 1924). These conjectures are opposed 
by a fact disclosed in the following experiment : — 
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Tweaty o.cm. of tlirombin (prepared by Ho\rell’s (1910) 
method), dissolved in 0-9 per cent. NaO, were injected intra- 
venoosly into an ansesthetised cat. Blood was shed through a 
paraffined canmila into sufficient sodium oxalate to suppress the 
clotting of an equal volume of normal blood. It coagi^ted at 
room temperatures, 16°— 18° 0., in ten to fifteen minutes, thus 
indicating that the injected thrombin had not been neutralised 
by antitbrombin in the blood-stream. 

The venoms of certain snakes {Echis carinaim and Not&Ms 
seTitatus, Crotvim terrificus and Lanchesis lanceolalus) dot 
oxalated or citrated plasmas and thus behave like thrombin 
(Lamb, 1903 ; Martin, 1905 ; Barratt, 1920 ; Collins, 1927). 

Mellanby (1909, 2) maintams that the coagulants of venom 
are pure hmase. To account for their clotting oxalated plasma, 
he suggests that sufficient CaClj is present in the plasma for the 
activation of prothrombin by kinase Unlike purified thrombhi, 
the venoms may either produce intravascular clotting or sup- 
press the coagulability of circulating blood. They thus bdiave 
hke a mixture of thrombin and tissue extract. 

!Che Methods of Preparation and Properties olt Thrombin 

The procedure of Schmidt has already been mentioned 
(p. 3). It gives a thrombin that contains hardly any pro- 
tein (Retfger, 1909 ; MeUanby, 1909, 1). This body is not 
.completely destroyed by heating to 100® 0., and is said to 
combine in definite proportions with fibrinogen and so pro- 
duce fibrin (Bettger, 1909). It contains phosphorus and 
reacts much more readily with Hammaxsten’s fibrinogen, 
which contains cytozyme and prothrombin, than with 
fibrinogen that has been almost deprived of these bodies by 
adsorption with animal charcoal. It seems probable that 
the principal ingredient of this body is a cytozyme, but traces 
of thrombin may also be present. 

The extraction of fibrin with an 8 per cent, solution of 
NaCl yields a thrombin associated with globnlin. This 
material coagulates at 66®-68° 0., and loses its aotivfiy 
(Gamgee, 1879). It contains phosphorus, and clots Ham- 
marsten’s fibrinogen rather more rapidly than that purified 
hy adsorption. Its loss of activity at 66®-68° 0. is probably 
due to the entanglement of the coagulant in the coagulum 
and its removal &oiu solution. 
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The thrombin of Morawitz (1904) is obtained by mixing 
tissue extract and dilute CaClg with serum ; that of Bordet 
and Delange (1912) by incubating the washed dibris of 
blood platelets with serum and dilute CaCl 2 . These bodies 
are noh in both protein and phosphorus. They rapidly clot 
both Hammaisten’s fibrinogen and that purified by adsorp- 
tion. After heating to 60® 0., they slowly clot crude fibrinogen 
(i.e., in 6 to 12 hotxrs), but do not clot fibrinogen at room 
temperatures when it has been purified by adsorption. 

A very active thrombin was prepared by Mellanby 
(1909, 1), by treating the fibrinogen-prothrombin complex 
of bird’s plasma with testis extract and dilute CaCl 2 . It 
is freed from globulm by dialysis against water. This body 
gives the reactions of protein, contains phosphorus, is 
destroyed at 60® C. and, according to Mellanby, behaves like 
an enz 3 ane. It clots Hammarsten’s fibrinogen more rapidly 
than purified fibrinogen. A method of purification of this 
product has been described by Bleibtreu (1926), who does 
not regard it as an enzyme. 

An even more active thrombin can be prepared by 
Howell’s (1910) method. Washed fibrin is extracted with 
an 8 per cent, solution of Nad for 48 hours in an ice-chest. 
The extract is filtered and repeatedy shaken with one-half 
its volume of chloroform, until the filtrate is neither precipi- 
tated by the addition of crystals of (NHi)^©^, nor coagu- 
lated by heatiag. Evaporation to dryness at 30°-40° C. gives 
a thrombin which retains its activity indefinitely. This body 
is soluble in water and in dilute saline solutions. It gives 
the biuret, xanthoproteic and tryptophane reactions. It 
does not react like an enzyme, and resists boiling for a short 
time. Its activity is mihanced by tryptic digestion and by 
putrefaction. It retains its activity when divested of phos- 
phorus-containing material (Howell, 1926). It clots crude 
and purified fibrinogen at approximately the same speeds. 

The extraction of s^rum with cthlorofoim provides material 
containing thrombin (Idinot, 1915 ; Dale and Walpole, 1916 ; 
Nolf, 1922). This extract contains both protein and phosphorus. 
It dots both intravascular and extravasoular plasmas, 
oxalated and dtrated plasmas. When slowty- introduced i-ntio 
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the blood-stream it suppresses the coagulability of the blood 
(NoK, 1922, 2), thus behaving like tissue extracts oontaLning 
proteiix-pho^holipm complexes. On keeping, it loses its 
coagulant action m vivo, but retains its activity in vitro. On 
accoimt of this reaction, it has been described as “nascent 
thrombin ” (Mills and Mathews, 1924). 

Sfflrom contains protein-phosphatide complexes, closely resem- 
bling those of tissue extracts. It seems evident t^t this extract 
includes both thrombin and such bodies. 

The addition of cephalin to fresh serum also gives material 
that clots both circulating blood and citrated plasma. It 
is an unstable product, since on keeping for half an hour 
its activity in vivo is lost and its power to clot extra-vascular 
plasma subsequently disappears ( Mills , 1926, 2, 3). In 
two important qualities it Offers from the thrombin formed 
in vivo when coagula are produced in the heart by the into- 
duction of strings into its ventricles. The natural thrombin 
causes clotting only in the area adjacent to the strings, and 
produces hypercoagulability of the blood in the general 
circulation. It does not cause inhibited coagulability. In 
sharp contrast, serum treated with cephalin either produces 
extensive intravasculax clotting, or, when minute quantities 
are injected into the blood-stream, suppresses coagulability. 
It thus behaves more like tissue extract than thrombin, 
furthermore, cephalin, when injected intravenously, pro- 
duces hypercoagulability of the blood (Hess, 1915, 2), and its 
addition to tissue extracts augments their coagulant action 
(Vines, 1921, 2). It seems certain that serum treated with 
cephalin contains either a compound or an adsorption- 
complex including cephalin, cytozyme and thrombin. It 
is unnecessary to assume, with Mills, that its activity m vivo 
is due to the formation of nascent thrombin. 

Attention is xe-directed to the dissociation of the thrombin 
prepared by Howell’s method into two fractions (see p. 47). 
In reacting with impute fibrinogen, the water-soluble frac- 
tion gives typical fibrin, but the water-insoluble fraction 
yields a coagulum, resembling fibrin, that subsequently 
undergoes spontaneous lysis (Gekada, 1926). A HiTnilar lysis 
of blood clots sometimeB occurs naturally, but it is not 
known if this is due to disassociated thrombin, or if un- 
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dissociated thiombm may react similarly. Further in- 
vestigation of these bodies should yield important results 
in the problem of clotting and possibly explain the natural 
disappearance of small clots in the blood-stream. 

The natural lysis of blood clots was ascribed by the earlier 
writers to bacterial action. It was shown, however, to occur 
under sterile conditions (Dastre, 1893). A specific lysin 
fibiinolysin) was postulated (Nolf, 1908)'. If Cekada’s work is 
confirmed, this body may possibly be identified with thrombin. 

The Composition ol Tbiombm 

Current suggestions on the chemical constitution of 
thrombin are largely based on conjecture. According to 
Bordet (1920), thrombin is a complex containing calcium, 
protein and cephalin, the last-named body being derived 
from blood platelets. Howell (1926, 1) dissents from t h is con- 
clusion, and believes that thrombin is prothrombin modified 
by the activity of calcium ions. The principal observations 
which have led to these divergent views have already been 
summarised (pp. 47, 64). Hekma (1924) describes both 
prothrombin and thrombin as agglutinins, and does not 
imply chemical differences in their constitution. In a 
recent review of blood coagulation. Mills (1926) suggests 
that thrombin is produced by a reversible chemical reaction 
in which prothrombin combines with cephalin and calcium. 
It is difficult to reconcile this conclusion with the prepara- 
tion of a phosphorus-free thrombin by Howell (1926, 1), and 
by Cekada (1926). That fibrinogen can be clotted by more 
than one substance seems established by the previously-cited 
observation of Gratia on the clotting of oxalated plasma by 
staphylococci without the formation of thrombin. In the 
natural clotting of pure blood it is possible that more than 
one substance, or group of substances, may convert fibrinogen 
into fibrin and that both Bordet and Howell are correct in 
their descriptions of thrombin. 

Hie idle (rf Thiombin in Blood Coagulation 

The majority of contemporary writers agree that the 
clotting of fibrinogen by thrombin is a fundamental reaction 
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in blood clotting. Several facts support this conclusion. In 
the so-called spontaneous coagulation of blood, t.Timmbin is 
always formed. It promptly clots those natural flniijs 
from which fibrinogen can be precipitated, such as the shed 
plasmas of birds, fishes and terrapins, most natural transu- 
dates, also artificial solutions of fibrinogen. There is then 
a primd facie case that the spontaneous clotting of blood 
and the clotting of fibrinogen by thrombin are idftntical 
reactions.' 

Several investigators, however, have wholly or partly 
rejected this conclusion. Wooltodge (1886-1893) main- 
tamed that fibrin is formed by the chemical combination of 
two plasma colloids and that thrombin is a subsidiary 
reaction product. The fibrinogen known in the laboratory 
is said either to be absent in circulating blood, or to be pre- 
sent in insufficient quantities to participate materially in 
coagulation. The principal observations cited in support 
of these opinions are : (1) blood plasma which remains 
fluid after the intravenous injection of “ peptone ” is not 
clotted by thrombin, but may ultimately clot spontaneously, 
and (2) thrombin can be introduced into the blood-stream 
without causing intravascular clotting. The first of these 
statements is not always true, for Howell (1925, 1) has shown 
that the addition of large amounts of thrombm to “ pep- 
tonised ” blood provokes coagulation. Sufficient thrombin 
to clot all the blood of a cat, when it has been oxalated, can, 
however, be injected into the animal’s circulation without 
producing clots. But there are difficulties in accepting the 
conclusion that fibrin is formed by the union of two plasma 
colloids without the intervention of thrombin. In inflamma- 
tory states an increase of the fibrinogen-prothrombin com- 
plex obtainable from plasma by salting-out runs parallel 
with the amount of fibrin formed by clotting, and both these 
increases may occur when there is no appreciable increase 
in the other fractions of protein obtainable from plasma. 
Coagulation by changes in fibrinogen-prothrombin complex 
proteius is thus indicated, and the thrombm theories of 
clotting appear justified. 

Evidence has been recorded in this chapter which indicates 
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that thrombin is not neutralised in the blood-stream. An 
explanation of the inactivity of thrombin in vivo is therefore 
necessary. In the precedicg chapters many facts have been 
described which show that the primary change in blood 
coagulation is the dissociation of plasma complexes. It 
again seems apparent that whilst fibrinogen is bound to other 
plasma constituents, it resists the action of thrombin, and 
that when it is dissociated from its normal relationships it 
is clotted by thrombin. The rdle of thrombin thus becomes 
intelligible, without postulating the many anticoagulants 
which have burdened the thrombin theories of blood 
coagulation with a constantly increasing load of assumptions. 

The views of Nolf (1908-1927) are a development of those 
of Wooldridge. Thrombin is described as an unsaturated 
body formed from thrombogen during the union of three 
plasma colloids which are said to combine and form fibrin. 
The thrombin of shed blood is regarded as an unsaturated 
residue, and its coagulant activity is ascribed to this con- 
dition. 

A somewhat sumlac conclusion is advocated by Wadsworth 
and the Maltanacs (1927). They suggest that in shed blood 
ionised calcium, aided by contact catal^is, reacts with active 
lipoid, producing acid and a calcium-lipoid complex. Plasma 
prot^ particularly fibrinogen, is altered by the add and then 
combines with the caldum-lipoid complex, forming an insoluble 
product (fibrm). Thrombin is described as an intermediate 
product in this reaction and not as a body formed by the inter- 
action of a definite fraction of plasma with protem-phospholipin 
complexes. These conclusions are based on the precipitation of 
addmed plasma by certain lipoids and on the findiTig that 
Bordet’s preparation of prothrombin (proserozyme) contains 
fibrinog^. They ignore, however, several facts, such as the 
production of thrombin in solutions which have been deprived of 
nbrinogen, the extraction from plasma of a phosphorus-free 
product wMch behaves like thrombin and the formation of 
fibrin gels in the blood of the domestic fowl which is alkaline 
to litmus. 

According to Mills (1926, 2), the clotting of fibrinogen by 
thrombin is of secondary importance in the coagulation of 
blood in wounds. The first step is said to be the clotting 
of fibrinogen by chemical combination with tissue juices. 
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la tliis process prothrombin is believed to be released from 
bondage and to be converted into thrombin which sub- 
sequently clots any fibrinogen remaining in the blood. It 
is difficult to reconcile these conclusions with the fact that 
blood shed through a paraffined cannula, without contact 
with tissue jmces, on to a water-wettable surface, clots at 
30°-40“ 0. as rapidly as blood in woimds. Tissue extracts 
undoubtedly participate in blood coagulation, but thdr 
action is probably concurrent with that of thrombia on 
fibrinogen. 

The Mode tS. Action 6t Tbioml^ 

A few contemiwrary investigators accept the suggestion 
tentatively made by Alex. Schmidt, that thrombin is an 
enzyme. Opposed to this opinion are the observations of 
Rettger (1909) and of Howell (1910) that thrombin com- 
bines in definite proportions with fibrinogen and so forms 
fibrin. The former observations are based on the action of a 
preparation which contains hardly any thrombin, but is rich 
in cytozyme. Howell’s material, however, exhibits the 
typical reactions of thrombm, and is probably in a state 
appro:;imatmg to purity. I am unaware of any observations 
that discredit his conclusion that it does not behave like an 
enzyme. Nevertheless, it is probable that a coagulant 
catalyst is sometimes associated with thrombin. Barratt 
(1920) found that the venom of Echis carmaius is active as a 
coagulant in concentrations of 1 in 3,000,000. He concluded 
that fibrinogen in solution is diphasic ; also that thrombm 
modifies the phase-eqtnlibrium by catalytic action and so 
produces clotting. 

Other physical explanations have been suggested. Stuber 
and Sano (1922) maintain that thrombin acts by causing 
the swelling of fibrinogen. This conclusion is based on their 
finding that when thrombin and fibrinogen are dissolved m 
isotonic saline and separated by a semi-permeable membrane, 
clotting occurs aftmr several hours, even if the thrombin is 
replaced by solutions of gelatin or starch. Partly denaturated 
thrombin is said to pass throng the membrane and, by 
swelling, to abstract water from the fibrinogen and so produce 
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clots. These experiments were apparently made ■with, a 
fibrinogen not completely deprived of prothrombin. The 
delayed clotting may be dne ■to the slow conversion of pro- 
thrombin into thrombin, and not to the passage of thrombin 
ibrmigh the membrane. This technique has also been 
criticised by Wdhlisch (1924). In reply, Stuber and Tan- 
hauser (1924) deny the value of Wbhlisch’s work. These 
experiments should be repeated 'with a fibrinogen deprived 
of prothrombin. 

An entirely different interpretation is suggested by Hekma 
(1923, 1924, 1927). Thrombin is described as an agglutinin 
which provokes clotting by the aggregation, first of fibrinogen 
and then of fibrin. There are, however, several differences 
that distinguish thrombin from typical agglutinins. At the 
temperature of an ioe-ohest thrombin is almost inactive, 
whereas both iso-agglutinins and hetero-agglutinins are very 
active (Landsteiner and others, 1902, 1903 ; Jervell, 1921 ; 
Guthrie and Pessel, 1 924). The agglutinative power of plasma 
and of serum is reduced between 36“-46° 0. (Pahraeus, 
1921), Within this range of ■temperature the speed of clot- 
ting of pure cats’ blood slightly increases, whilst that of 
human blood, obtained by finger puncture, remains almost 
constant (Pickering and de Souza, 1923). Agglutinins 
retain their activity in serum for several months (Hektoen, 
1907) : thrombin loses its activity in a few hours. Auto- 
hsemagglutinins {i.e., the material which agglutinates an 
animal’s own erythrocytes) are rarely found in serum. 
Thrombin is always present in fresh normal serum. The 
aggregation of particles of fibrin in the presence of 'thrombin 
may, perhaps, be more appropriately described as “ pseudo- 
agglutination.” 

Although autohsemag^utinins are rarely present in blood, 
the capacity of erythrocytes to form rouleaux exists in 
almost, if not all, blood plasmas. Porces are ■thus 
developed which a^regate these bodies. The formation of 
rouleaux differs, however, from typical agglu'dnation, in 
that it is favoured by moderate increases of ■temperature 
and the rouleaux are dispersed on cooling. The work of 
Northop and Preimd (1924) and of Oliver and Barnard 
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(1924) points to the dependence of rouleaux formation on 
differences of potential between the corpuscles and the 
suspending medium, and it appears probable that the aggre- 
gation of particles in clotting blood may be partly due to 
the same cause. 

Reviewing the f*icts as a whole, it seems probable that 
thrombin combines ohenoically with fibrinogen, and that 
either thrombin itself, or some body closely associated with 
thrombin,x aids blood coagulation by a process resembling 
agglutiaation. When, however, the electrical charge carried 
by fibrinogen is altered, and in some cases after dilution, 
there is no evidence of agglutinative action. An apparently 
structureless gel is formed (Howell, 1916). But in the 
normal clotting of mammalian blood, the aggregation of 
fibrin particles into filaments and masses is always apparent 
when coagulation is observed under the ultramicroscope. 

The Disappearance of Thromhin in Seram 

Thrombin disappears in serum, but reappears on the 
addition of dilute acids and alkalis. The latter reaction was 
explained by Alex. Schmidt (1892) as due to the generation 
of thrombin from an inactive precursor present in serum. 
Morawitz (1903) also suggested that an inactive body is 
present in serum which is activated by acids and alkalis. 
Fuld (1904) described this body as a stable form of thrombin, 
which he named “ metazyme.” This material is now 
generally known as “metathrombin.” Mellanby (1909, 1) 
maintained that metathrombin is an enzyme (a kinase), 
and that its production in serum by the addition of acids and 
alkalis depends on the splitting of the absorbed enzyme 
from serum protein. Landsberg (1913) reached the conclu- 
sion that thrombin is inactivated by adsorption to serum 
protein. This seems improbable from the work of Gasser 
(1916-17), who formd that thrombin does not lose its activity 
when incubated with various proteins, or exposed to adsor- 
bents. Several workers in Howell’s laboratory suggest that 
metathrombin is a combination of thrombin and anti- 
thrombin (Weymouth, 1913 ; Gasser, 1916-17 ; Rich, 1917), 



THROMBINS AND ANTITHEOMBINS 


76 


and until recently this conclusion has remained undisputed. 
From the rapid disappearance of thrombin in serum, after 
the addition of an anticoagulant protein obtained by the 
dissolution of tissue extract, and from the reappearance of 
thrombin by the subsequent addition of cephalin, Mil ls 
(1926, 1, 2), concludes that the inactivation of thrombin in 
serum is due to the regeneration of prothrombin by the 
removal of cephalin. In short, it is claimed that there is a 
reversal of the reaction by which thrombin is said to be 
produced. This conclusion is, however, inconsistent with 
the claims of Howell (1925, 1) and of Cekada (1926) that 
thrombin remains active after the removal of phosphorus- 
containing material. There is no doubt that the addition 
of crude cephalin to serum which has lost its coagulant 
activity restores its power of clotting fibrinogen, but experi- 
mentation with much purer products than those used in these 
investigations is necessary before a satisfactory decision can 
be reached. 


Antifbxombins 

The maintenance of the fluidity of circulating blood by 
the interaction of coagulants and anticoagulants appears 
first to have been suggested by Spiro and Bllinger (1897), 
although implied by Alex. Schmidt (1872), who maintained 
that all cells contain both coagulants and anticoagulants. 
These suggestions, however, did not attract general atten- 
tion until Morawitz (1903) deduced the presence of anti- 
coagulant antibodies in plasma, from the difficulty he ex- 
perienced in clotting blood, kept fluid by oxalates or fluorides, 
by the addition of either serum or thrombin. It is now 
known that the preparations used by Morawitz contain 
hardly any thrombin. The belief in the presence of anti- 
thrombin in the blood-stream thus arose from a misinter- 
pretation of facts. At this period it was known that " pep- 
tone ” has a greater anticoagulant action when introduced 
into the circulation than when added to blood shed into glass 
vessels (Schmidt-Mulheim, 1880). This was e 2 q>lajned as 
due to the hepatic secretion of an excess of antithrombin, 
owing to the toxic action of the “ peptone.” The attention 
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of investigators was thus directed to the obtaining of anti- 
thrombin from the liver. 

The Methods of Preparing Antitbronibins 

Doyon and his assistants (1910-1919) describe the follow- 
ing methods of preparing antithrombin : — 

The liver of a dog is frozen and thawed three times during a 
period of forty-eight hours. During the mtervals between the 
freeziog it is exposed to the air at room temperature. It is 
then perfused with 0*9 per cent. NaCl, made alkaline by adding 
dilute sodium carbonate. The perfusate is not an anticoagulant, 
but when heated to 100° C. gives an antithrombiu. Alternative 
methods involve the antoclaving of liver at 120° C., the exposing 
of minced liver to chloroform vapour and allowing the intestines 
to undergo autolysis. By these processes, antithrombins are 
obtainable from most of the organs of vertebrates, from the 
tissues of invertebrates and even from vegetable material (Picker- 
ing and Hewitt, 1922). It is, however, noteworthy that Doyon 
(1921) could not obtain any anticoagulant from the liver of 
normal rabbits, although Davis (1912) showed that large amounts 
of thrombin can be injected mto the circulation of these animals 
without causing intravascular clotting. 

The method used by Howell (1911-12, 1914) to demonstrate 
antithrombin in blood, is the heating of either oxalate or 
“ peptone ” plasma to 60° 0. The filtrate contains material 
which neutralises thrombin. 

An anticoagulant globulin, which possesses the power 
of inactivating thrombin, was obtamed by Mills, Raap and 
Jackson (1921), by the extraction of dried lungs with 
benzene. It is the product of the dissolution of the protein- 
phospholipin complex of limg tissue and possesses no anti- 
coagulant properties when it is combined with the phos- 
phatide molecules. This material apparently differs from 
the antithrombin of Doyon,* as it is destroyed at 100° 0. 

When physiological methods are employed, negative 
results are obtained. Menten (1920) found no anticoagulant 
in the liquid obtamed by perfusing fresh livers with normal 
saline. Rettger (1909) obtained no evidence of the produc- 
tion of antithrombin after serial injections of thrombin into 
the blood’-stream of dogs and rabbits* Attempts to produce 
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by stimulatiiig the Uver with bile, bile salts, 
secretin and electrical stimuli haTe also given negative 
results (Denny and Minot, 1916). The extraction of the 
linings of blood vessels has, however, yielded contradictory 
results. Loeb (1904) could not find any anticoagulant. 
TTimnift (1923) extracted an antithrombin from each of 
the coats of the aorta. When fresh material is used, the 
results are different. Scrapings from the intima of the aorta 
contain a very active coagulant (Morse, 1919), whilst saline 
extracts of the aortic tissues of freshly-killed animals also 
hasten the clotting of blood (Mason, 1924). These experi- 
ments I have confirmed. An antithrombin can, however, 
be obtained when the linings of the aorta are incubated fox 
24 hours at 37° C., and then extracted with normal saline. 
The chemical evidence thus points to the production of anti- 
thrombin by either autolytic or post-mortem changes in cells 
or tissues, and not to its presence in a free condition either 
in liver, vascular endothelium, or blood-stream. In 
Chapter VML evidence will be cited indicating the possible 
production of antithrombin when the living tissues of 
Tnn.TnTnalH suffer abnormal autol};^. But there is no evidence 
of the formation of antithrombin and its passage into tibe 
blood-stream under normal conditions. Antithrombin is, 
however, normally present in the secretion of the buccal 
glands of the leech, in the heads of some parasites, and m the 
hepato-panoreas of the crayfish (Gratia, 1921, 2). 

Xhe Supposed Presence 6t Antitfarombm in Bird’s Plasma 

Mellanby (1909, 1), found that 2 c.cm. of bird’s fibrinogen 
dissolved in normal saline is clotted by 0*1 c.cm. of thrombin 
in 3 minutes, and that an equal amount of thrombin added 
to 2 c.cm. of bird’s plasma required 6 minutes for coagulation. 
Since slight alkaliniiy favours the action of thrombin on 
fibrinogen, and as bird’s plarsma is distinotly alkaline, 
Mellanby interpreted his experiments as mdicating the pre- 
sence of free antithrombin in bird’s plasma. If, however, 
plasma be regarded as a complex of pxotems which resists 
the coagulant action of thrombin, these observations axe 
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readily iatel%ible, -without postalating the presence of free 
antithrombin m normal blood plasma. More time -would be 
required for the dissociation of plasma complexes than is 
necessary for the action of thrombin on dissociated fibrinogen. 

The AntiUmnnbins oi Seram 

It has been amply demonstrated that antithrombic 
properties are developed in serum, but -the mode of develop- 
ment indicates the formation of antithrombin by auto- 
lysis. Mellanby (1909, 1) compared the speeds of the 
clotting of standard solutions of fibrinogen by thrombiu 
alone, and after incubation of thrombin at 30° C. -with bird’s 
serum. The incubated material required longer for the 
production of clots, the anticoagulant action being pro- 
portional to the duration of the incubation. Collingwood 
and MacMahon (1914) observed that an inhibitory power 
on thrombin is developed in mammaJian serum by keeping 
it at room temperature, and becomes very marked after 
two days. This again points to autolytio processes. Serum, 
-we have seen, contains protein-phospholipm complexes, and 
these, when broken up, yield an anticoagulant. 

The Mode of Action of Antifbrombms 

Very little is kno-wn as to the mode of action of anti- 
thrombins. The anticoagulant of leech extract apparently 
acts upon the participant in blood clotting which is present 
in the greatest concentration. It not only neutralises throm- 
bin, but also oytozyme. It apparently unites -with these 
bodies in varying proportions, in the manner of adsorption 
compounds (Gratia, 1921, 2). The antithrombins prepared by 
Doyon’s methods do not neutralise oytozyme. The state- 
ment of Mills (1926, 1, 2) that the antithrombin obtained 
by the dismtegration of lung extract neutralises thrombin 
by the abstraction of cephahn and so regenerates pro- 
-thrombin in serum, has already been mentioned. The 
action of this material on the phosphorus-free thrombin of 
Howell has apparently not been investigated. 

According -to Nolf (1926, 1927), the natural anticoagu- 
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lants of blood are protective colloids. He uses the term 
“ antithrombosines ” instead of “ antithrombins.” He 
believes that they are secreted in excess by the Liver in 
response to conditions which tend to deprive blood of its 
fluidity. To establish the latter conclusion, it is necessary 
to show that duriug snch conditions there are increases in 
more stable colloids of plasma. 

In conclusion, it should be noted that although anti- 
thrombins neutralise thrombin m serum, the cumulative 
weight of evidence has convinced both Howell and Mils 
that a siTuila r reaction is not the primary cause of the 
preservation of the fluidity of circulating blood (wdepp. 134r- 
139). These investigators, therefore, have now reached the 
conclusion which has been promulgated from this laboratory 
during the last seven years. 



CHAPTER VII 


Fibrin 

The properties of fibrin — ^The stracture and modes of formation 
of fibrin aggregates — The estimation of the quantity of fibrmogen 
and of fibrin obtainable from blood plasma and other fluids — 
Variations in the amount of fibrinogen and fibrin obtainable from 
normal bloods — ^Factors which vary the amount of fibrin — Changes 
in the amount of fibrin durmg morbid states — The contraction of 
blood clots, with a special reference to their value in the diagnosis of 
disease* 

Fibeik separates from blood sbed on rough surfaces as 
strings or as irregular masses, which are white, tough and 
elastic. It possesses the properties of coagulated protein. 
Its formation is hastened by mechanical disturbance, such 
as whipping with sticks. This has been explained as due to 
an anisotropic condition (Dieselhurst and Freundlich, 1916). 
The effect of disturbance is, however, modified by the number 
of platelets in the blood. When there is a marked shortage 
of these corpuscles whipping does not produce clots, but the 
fibrin may eventually be deposited in lumps (Burke and 
Tait, 1926). The forces of adhesion also modify the state 
in which fibrin remains. The gel formed when blood or 
plasma clots in a narrow glass tube does not contract until 
released from contact with the glass. 

The first visible sign of clotting in shed blood is the 
formation of filaments on the surface exposed to the air. 
In frog’s blood shed in the open air and in human blood shed 
in a moist chamber at room temperature, the filaments are 
formed one or two minutes before the whole of the blood 
clots. They rapidly dissolve in 0*9 per cent, NaCl, and so 
differ from typical fibrin, which only slowly dissolves, by 
autolysis, in dilute salt solution. Contact of the filaments 
with glass for one or two minutes converts them into 
material which possesses the solubilities of fibrin (Pickering 
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and Hewitt, 1921 ; Pickering, 1923). It seems probable 
that an intermediate product is formed which is converted 
into fibrin by contact action. 

According to Hekma (1914, 1916, 1—7), fibrin exists in 
plasma as an alkaline hydrosoL He also states that alkaliae 
solutions of re-dissolved fibrin may be made to gel agaiu by 
appropriate treatment, such as the addition of dilute acids. 
This suggests that the gelation is a reversible process. It 
IS not proven, however, that alkaline solutions of fibrin are 
identical with the precursor of fibrin in circulating blood. 

The addition of dilute solutions of either HCl or NaOH to 
fibrin causes, first, swelling and, later, solution. The former 
ocouirence is said to be due to the amphoteric nature of the 
amiao-aoids of fibrin, permitting the adsorption of both hydrogen 
and hydroxyl ions (Tobnan and Bracebridge, 1919). The blood 
of animals of different species yields fibrin of shghtly different 
qualities. For example, pig-fibrin dissolves more readily in 
dilute HCl than ox-fibrin (Fermi, 1896, confirmed by the present 
writer). Differences of solubility in dilute alkalis exist between 
the fibrin prepared from pure blood and that obtained from 
either oxalate or fluoride plasma. The former is insoluble in 
0*02 per cent. NaOH, the latter is soluble (Barkan and Gaspar, 
1923). 

The Stmctoie and Modes of Formation of Fihcin Aggregates 

The resemblance of blood coagulation to crystallisation 
was suggested by Richardson (1858), but the first actual 
evidence of similarity in these processes is due to the work 
of Schimmelbusch (1885). He observed, in clotting blood, 
the formation of crystal-hke needles which varied in length 
from 5 to 20 microns. Using dark-field illumination, Mayer 
(1907) found, when clotting is seen in an optically-clear 
field, that granules appear, which increase in size, coalesce 
into threads, and so form a network of fibrin. Similar 
appearances were seen by Cesana (1908) and also by Barratt 
(1920) ; the latter observer used solutions of fibrinogen, 
instead of blood, and employed the venom of Echis carinatus 
as a coagulant. The formation of fibrin by the deposition 
of bodies resembling crystals was re-discovered by Stubel 
(1914), was confirmed by Howell (1914), and is now generally 
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accepted. The needles are doubly refractile and, for tTiia 
reason, are said by Sthbel (1920) to be crystals. There are, 
however, several reasons for doubting this conclusion. 
Hefana (1916, 1-7) points out that the conditions which 
hasten the deposition of fibrin include those which assist 
both crystallisation and colloidal precipitation. Although 
the deposition of fibrin is favoured by mechanical factors, 
such as stiixing or evaporation, the formation of fibrin-gels 
occurs in solutions which are far from saturation. Eurther- 
more, the deposition of fibrin is favoured by high and not 
low temperatures and, by contact with rou^ surfaces, also 
the needles possess a c^ain flexibility and adhesiveness. 
Taking these facts into account, Hekma avoids the expres- 
sions “ crystallisation ” and “ colloidal precipitation,” and 
describes the formation of fibrin as occurring in two phases : 
Eibrin-alkali-hydrosol is changed into a simple hydrosol or is 
converted from a state of emulsion to one of true suspension ; 
threads of fibrin are then formed by the apposition of these 
elements and from hitherto invisible complexes of fibrin 
molecules. 

Blood clotticg can take place without the formation of 
needles. When the oxalated plasma of the cat is diluted 
four times or more and then re-calcified, a structureless gel 
is produced. But the dilution of dog’s blood, even a hun- 
dredfold, does not suppress the formation of needles (Howell, 
1916). Important differences thus exist in the mode of 
fibrin-formation in the diluted plasmas of animals of different 
spedes. Differences in the precipitabiHty of diluted fibrinogen 
by neutral salts have previously been noted (in Table H., 
p. 30). Species-variations in the stability of fibrinogen thus 
appear to be correlated with variations in the mode of 
formation of fibrin. 

Other factors modify the structure of fibrin aggregates. 
A structoieless gel is formed by the action of thrombin upon 
oxalated mammalian plasmas which have remained in a 
refrigerator for several days. Similar gels are produced by 
the action of dilute alkalis on fibrinogen and when negatively 
charged fibrinogen is acted upon by thrombin. Positively 
chaiged fibrinogen, when mixed with thrombin, gives, how- 
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ever, a flocoulent precipitate, which either settles out or 
forms a membranous mass closely resembling the “mem- 
branous clots ” which are formed at the onset of coagula- 
tion in slowly clotting bloods. From these facts, Howell 
(1916) concluded that in blood clotting the first stage of 
fibrin formation arises from the action of thrombin on 
fibrmogen particles which carry a positive charge, and 
that the later phenomenon of gelation is due to a slower 
reaction with fibrinogen bearing a negative charge. It has, 
however, been mentioned that Howell (1926, 1) found that 
thrombin can coagulate fibrmogen when the conditions 
preclude the union of oppositely charged particles. 

The recent work of Hekma (1924) shows that serum pro- 
duces two types of coagulation in both salted plasmas and 
in bird^s plasma which has been deprived of thrombocytes. 
In the filrst type the ultramicroscope reveals the presence 
of sub-microns of fibrin, then the sudden formation of 
filaments composed of needles, followed by the growth of 
the needles and threads. In the second type flocculi of 
•sub-microns are formed, which later agglutinate and become 
organised into groups of needles or into threads. The 
former process is described either as “ pseudocrystallisation ” 
or as “ atypical agglutination ; the latter is compared 
with the behaviour of particles of vanadium pentoside, that 
is to say, with that of an anisotropic substance. The initial 
flocculation in this mode of clotting may be due to the 
presence of an excess of cytozyme. It has been mentioned 
that the addition of cytozyme to plasma causes flocculation, 
and it is well known that some preparations of serum are 
rich in cyijoz3nne and poor in thrombin. 

Hekma (1924) also records that the thrombocyte-free 
plasma of the bird forms, when exposed to evaporation, a 
structureless gel which does not contain needles. Similar 
gels are formed when this plasma is shaken in a sealed tube 
for half an hour and may separate from human blood which 
exhibits an extreme shortage of platelets. In three cases of 
severe thrombocytopemc purpura (m which the platelets 
numbered respectively 16,300, 17,830, and 34,800 per c.mm,) 
the blood withdrawn by venepuncture gelled on glass and 
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daxk-field illTmiination showed a struotiireless matrix in 
which only a few needles and filaments appeared in isolated 
areas. The addition of freshly prepared normal serum to 
these bloods produces a different ultramicroseopic picture. 
The deposition of fibrin commences as granules and needles 
and proceeds by the formation of threads, which interlace 
and form a network. It is evident that in both human and 
bird’s blood the mode of fi.bria formation is altered by the 
action of fresh serum, the presence of the latter material being 
correlated with production of quasi-orystallme accretions. 
It is noteworthy that the structureless gels are irretractUe 
and that the needle-containing material contracts on ageing. 
Important ph37sical differences thus distinguish these pro- 
ducts, but it remains for future research to determine if they 
differ chemically. 

According to Barratt (1920), fibrinogen in solution is diphasic, 
consisting of concentrated and dispersed fractions. By the 
action of thrombin (which is described as a catal 3 /st), fibrin is 
formed out of fibrinogen in the concentrated phase. Subsequent 
increases in the thickuess of the fibnn filaments arise by abstrac- 
tion from the solution m a lower state of concentration, accom- 
panied by disturbance of the equilibrium between the two phases 
of fibrinogen. These conclusions are based upon phenomena 
oocuning when fibrinogen is clotted by snake venom, which may 
be entirely different from those of normal blood clotting. 

Distinctive changes are also seen imder the ultra-micro- 
scope when lung extract (which contains finely-divided 
particles) is added either to bird’s blood or to oitrated mam- 
malian plasma, which has been deprived of most of its 
prothrombin by adsorption and then re-calcified. When 
the whole blood is used flocculi appear adjacent to the parti- 
culate matter, and this is followed by the lysis of thrombo- 
cytes. The flocculi rapidly increase in size and coalesce 
into gelatiaous masses. Needles are deposited close to the 
disintegrating thrombocytes. They form threads. The 
gel thus assumes a quasi-crystalline structure. When the 
mammalian plasma is used, flocculi appear which rapidly 
grow into gelatinous masses and a few needles are formed in 
isolated areas. It is, however, clear that the clots are 
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almost wliolly composed of material wMch has no resem- 
blance to crystals. The changes revealed by the ultramicro- 
scope are thus consistent with the conclusion mentioned in 
Chapter TV., that coagulation by tissue extracts differs 
from the clotting of pure blood. 

Xhe Estimatioii of the Quantity of Fibrinogen and (d Fibrin 
obtainable from Blood Plasma and otber Fluids 

It is not possible in a worh of this size to describe in detail 
the many methods used for the estimation of fibrinogen and 
fibrin. As summaries of technical processes are of no 
practical value, I shall only indicate and criticise the prin- 
ciples involved and supplement this information by a 
separate bibliography (vide Appendix C). Special atten- 
tion is directed to the techniques of Whipple (1914), OuUen 
and Van Slyke (1920), Gram (1921), Leendertz and Gromelaki 
(1922), Foster and Tipple (1921-1922), Buszyndfc (1923) ; 
Zunz and La Barre (1925), and Chandler (1927). 

Fibrinogen may be estimated by weighing the dried 
eoagulum obtained from oxalated or citrated plasma by 
heating to 0. In using this method, care should be 

taken to keep the hydrion concentration the same as that 
of the original plasma. If the views of Stuber and Sano 
(1923) are correct, that dotting is prevented in these plasmas 
by the formation of a hi^ly ionised fibrinogen salt complex, 
an important source of error may exist. Such a complex 
may not be completely disassociated by heating to 56°-60“ 0. 
Fibrinogen is also estimated by weighing the dried pre- 
cipitate obtained by appropriate salt-precipitation. 'When 
ammonium sulphate is used as the precipitant an often neg- 
lected source of error arises from the nearness of the salt- 
concentration at which the precipitation of fibrinogen ends 
and that of euglobuhn commences. (See Table I., p. 6.) 
The use of sodium chloride is preferable, since fibrinogen is 
precipitated at nearly half saturation amd euglobulin on 
saturation. If the fiuid is diluted, as may occur in certain 
transudates, the results obtained by salt-precipitation should 
be checked by those given by heat-coagulation, as diluiioa 
may vary the amount of salt required to produce complete 
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precipitatioii. (Compare Tables 1. and EE.) Refraoto- 
metxic methods are also used for computing the amount of 
fibrinogen, particularly in small amounts of blood obtained 
by venepimoture. A source of error in these methods is 
the neglect of the difference in the amount of fibrinogen in 
arterial and venous blood. 

Kbrin may be estimated by weighing the washed and 
dried material obtained by wMpping a known quantity of 
blood. Care should be taken that the whipping is prolonged, 
as blood may clot in fractions at room temperatures. After 
the last fraction has been removed the residual fluid should 
be tested for fibrinogen by heating to 60® 0. and by half 
saturation witii sodium chloride. This method is unsuited 
to bloods exhibiting a shortage of platelets. In more recent 
techniques either oxalated or citrated plasma is rised, and 
the fibrin formed on re-oalcidoation is estimated either by 
weighing the dried and dehydrated material (Qram, 1621), 
or is computed from the di&rence in the nitrogen content 
of the plasma and serum. The latter method has been used 
in miero-estimations. 

Strictly accurate results are unobtainable from mammalian 
plasmas, as the products of the lysis of blood platelets 
together with adsorbed prothrombin are present. The 
latter impurity can, however, be almost removed by 
repeated washing with acetone. The fibrin values of blood 
in various diseases should, therefore, be regarded as relative 
and not absolute figures. Appended to such data should 
be a platelet count of the bloods investigated, so that the 
amount of error can be judged. The conversion of fibrin 
into soluble products by fibrinolysis is said by Goodpasture 
(1912) to be also a source of error, but tbia can be prevented 
by the addition of a few drops of carbolic acid to the plasma 
(Pemtz and Rosemann, 1925). 

Vaziafimis in fiie amoont <d Fibcinogmi and libiia obtainable from 
Normal Bloods 

Estimated by the method of heat-coagulation, the amount 
of fibrinogen in normal human blood varies between 0*30 
and 0*40 per cent, of plasma (Whipple, 1914). The figures 
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recorded by li^derioq (1878) for tbe horse are very similar 
(0‘2&-0'43 per cent.). By precipitating fluoride plasma 
with ammonium sulphate, Eeye (1898) found 0‘41 per cent, 
of fibrinogen in ox plasma, whilst by the same method 0*47 
per cent, was obtained from rabbit’s plasma (Muller, 1905). 

Most of the recent work has been directed to estimatmg 
the amount of fibrin obtainable from normal and morbid 
bloods. The following table, abstracted from the recent 
paper of Foster (1924), sho^^ the principal results obtained 
from the bloods of normal persons : 


Table HI . — Fibrin Deternhinations in Normal Persons 


Figures in MiUigrams par 100 c.cm. 



Men. 

Women. 

Men and 
Women. 


Pibrin per 100 c cm. 
of plasma. 

librinper 
100 c.cm 

Fibnnper 
100 c.cm. 

Fibrmper 
100 com. 

Fibrin per 
100 c cm 


of blood 

of plasma 

of blood 

of plasma 

Hammersten 


1Vrfl.-viTirmTn 




660 

and Hedin 


Mi-n'imnTn 

— 

— 

— 

101 

(1914). 


Average 

— 

— 

— 

420 



Mp.’giTmTm 

■ - 


___ 

600 

Mathews (1920) 


MmimnTn 

— 

— 

— 

160 



Average 

— 

— 

— 

376 

Whipple (1914) 

/ 






(7 detennina- 


Mfl.TnTmTm 



— 

— 

591 

tiOBS of flbiin- -i 





— 

— 

386 

ogen by heat 


Average 

— 

— 

— 

606 

coagulation). 


i 





Foster and 
Whipple (4 
determina- ‘ 

1 

Ma^rirmnn 364 

MiTnTmTm 316 

178 

168 

— 

— 

— ’ 

tioiis). 

[ 

Average 336 

172 

— — 


— 

Gram. (1922) (60 


Maximnm 360 

190 

380 

210 

- - ■■ 

determina- • 


Mmimiim 200 

110 

210 

120 


iions). 


Average 270 

130 

290 

1 170 

— 

Foster (1924) 


lyiAzixniim 446 

210 

470 

238 


(42 detexmin- • 


MiTiiTYmm 266 

112 . 

256 

148 



ations). 


Average 332 

168 

344 

179 

— 
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The extremes of fibrin values are, however, raiely reached. 
Tti men the majority of r^ults fall between the limits of 
250 to 400 mg. per 100 c.em. of plasma ; in women, the 
common variations lie between 300 and 426 mg. per 100 c cm. 
of plaamfl, (Poster, 1924). Similar results were obtained by 
1Vra,r«,lriTii and Yamaguchi (1924), when fibrinogen was esti- 
mated, by Wohlgemuth’s method (1910), instead of fibrin. 
Many years ago Dastre (1893) found that arterial blood 
yields rather more fibrin than venous blood, and similar 
results have been recently obtained from the blood of dogs 
(Schulte, Nicholes and Schaefer, 1925). The amount of 
fibrin obtainable from the blood of normal individuals 
remains constant over considerable periods of time, both in 
man (Gram, 1921) and in the dog (Poster and Whipple, 
1921, 2 ; Zunz, 1926). Duriog normal pr^nancy a great 
increase of fibrin values occurs (Levinski, 1903 ; Landsberg, 
1910 ; Erosiog, 1911 ; Gram, 1922). The average value 
for whole blood was found to be 94 mg. per 100 o.cm. higher 
in pr^nant women (Foster, 1924). 

Factors which vary the amount of Fibrin obtainable from Blood 

Diets rich in proteia increase the amount of fibrin obtain- 
able £com blood. Feeding on carbohydrates or on fats and 
fasting lead to a decrease, a lower but constant level being 
reached after three days of fasting. Plethora, induced by 
the transfusion of whole blood, first reduces the amount of 
fibrin obtainable, but a rapid return to normal occurs 
(Foster and Whipple, 1921, 2). Twenty-four hours after 
the loss of fibrinogen by haemorrhage an increase occurs 
(Dreyer, 1893). In the dog the increase may lead to an 
excess of production, followed by a return to normality. All 
the evidence thus paints to the constant production and 
utilisation of fibrinogen in the body (Foster and Whipple, 
1921, 2, 3). The last-named observers did not find a similar 
replacement of other plasma proteins. Fibrinogen thus 
appears to be more actively engaged in metabolism than are 
the other protein fractions of plasma. 

The amount of fibrin obtainable from blood is increased 
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by the introduction of heterologous serum, milk, peptone 
and gelatin into the vascular system (Moll, 1903 ; IjOwj, 
1916). The cause of these reactions is unknown, but 
stimulation of the production of fibrinogen appears more 
probable than the actual conversion of the introduced 
material into fibrinogen. Extensive injury to the epithe- 
lium of the intestinal tract also induces an over-production 
of fibrm (Foster and Whipple, 1921, 4), but it is not known 
if the fibrin formed is of the same composition as that pro- 
duced by the spontaneous clotting of normal blood. A 
larger amount of fibrin is obtainable from blood confined in 
a vem isolated from the circulation than from circulating 
blood. It is suggested that fibrinogen is stored in the sur- 
rounding tissues and passes into the vein during stasis of the 
blood (Plass and Rourke, 1927). 

Changes in fhe amount of Fibrin daring Morbid States 

An increase in the amount of fibrin obtainable from blood 
occurs in many diseases, particularly in those involving 
inflammatory processes, such as pneumonia, erysipelas, 
scarlet fever, rheumatism (Pfeiffer, 1897), peritonitis 
(Langstem and Mayer, 1903), syphilis (Wintemitz, 1910), 
typhoid, pulmonary tuberculosis, pleurisy (Murakini and 
Yamaguchi, 1924), chronic nephritis, carcinoma, sarcoma 
and sepsis (McLester, Davidson and IVazier, 1925). Excep- 
tionally high values have been foimd in pneumonia (Poster 
and Whipple, 1921, 2, 4), as much as 1,500 mg, per 100 c.cm. 
of plasma having been recorded (McLester and collaborators, 
1925). Similar increases arise &om experimental infection, 
notably with streptococci and pneumococci (Davide, 1925). 
Bacterial action is not, however, essential, since an over- 
production of fibrin arises from the presence of sterile 
abscesses (Foster and Whipple, 1921-1922, 4). 

The salient feature of these observations is that processes 
which destroy tissues increase the amount of fibrin obtain- 
able from blood, and this applies to liver tissue until its 
destruction is sufficient to impair the production of fibrinogen 
by that organ. 
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It is cozmuonly assamed that the amount of fibrin obtain- 
able from blood is an accurate gauge of the quantity of 
fibrinogen in plasma. This appeam to be tme in the case 
of normal blood (Howe, 1923), but may not apply to plasma 
contanainated by the products of tissue destruction. It is 
possible that the increase of fibrin found in acute inflamma- 
tory states may be due to additional clot formation by 
union of the diaintegration-produots of tissue with the 
fibrinogen of plasma. Lung extract is particidarly actiTe 
in this type of clotting, and it is significant that fibrin values 
are exceptionally high when extensive destruction of lung 
tissue occurs. Comparative estimations of the fibrinogen 
and fibrin obtainable during inflammatory states might 
yield interesting results. 

Variations in the amount of fibrinogen in blood occur 
during both anaphylactic and “ peptone ” shoch. These 
will be described and discussed later. 

The Contraction dt Blood dots, with a special x^erenoe to theii 
value in the Diagnosis <A Disease 

Most blood clots contract on ageing. This phenomenon is 
known as “syneresia.” The contraction of clots is not 
confined to fibrin-gels ; it sometimes occurs in the gels 
formed by the action of potassium hydroxide on chromium 
sulphate (Bancroft, 1921). 

The chief interest of this subject lies in the fact that 
variatians in the extent and speed of contraction of blood 
clots may be useful in the diagnosis of certain maladies. 
The loss of the contractility of clots in certain hssmorrhagio 
states will be described later and provides a means of recog- 
nising thrombocytopenic purpuras. Becent observations 
suggest that the study of the speed of clot-contraction may 
be valuable in estimating the rate of progress of certain 
diseases, particularly of hidden malignant tumours. Work- 
ing with normal and diseased rabbits, Van Allen (1927) found 
that the speed of syneresis is greatest in healthy animals, 
but is reduced when vilality is impaired by various diseases. 
Decreases io the speed of dot-contraction occur early in the 
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inception of disease. For example, tlie onset of experi- 
mental rhinitis is mdicated before the appearance of symp- 
toms, and a malignant tumour, no larger than a pin-head, was 
associated with blood clots which contracted very slowly. 
(3hanges in the extent of clot-contraction do not apparently 
occur at the commencement of disease, but are well marked 
during the acute and terminal phases of various disorders. 
In transplanted epithelioma the curve of the growth of the 
tumour nearly coincides with the curve showing the decrease 
in the speed of clot-contraction during the progress of the 
disease. Evidence is produced which suggests that decreased 
speed of clot-contraction is correlated with the advance of 
the disease rather than with changes in nutrition. The 
cessation of the growth of a malignant tumour and the 
occurrence of metastasis appear to be readily recognisable 
by observing the speed of clot-contraction. Experiments 
should be conducted with the blood of carcinomatous 
persons. 

The evidence bearing on the causation of sjmeresis appears 
contradictory. Some facts suggest that platelets are essential 
for that process ; others imply that they are either not essential 
or merely hasten the contraction of fibrin aggregates. 

Both re-calcified oxalate-plasma and hydrocele fluid give 
irretractile clots. When platelets are mixed with these fluids 
the contractility of the clots is restored in proportion to the 
number of platelets added. The addition of platelet extract 
does not, however, produce syneresis (Bordet and Delange, 
1912 ; Opitz and Schober, 1923). In certain haemorrhagie 
states thrombocytopenia is associated with the formation of 
irretractile clots (Duke, 1914 ; Stahl, 1920). Loss of contractility 
appears when the platelets fall below 7 6,000 per c.cm. of blood and 
is pronounced when only 46,000 per c.cm. are present (Opitz and 
Schober, 1923). Exceptions, however, occur (Rosenthal, 1928). 

The destruction of platelets in vivo by anti-platelet serum 
produces blood which forms irretractile clots (Le Sourd and 
Pagniez, 1907-1913; Ledingham, 1914). Blood which has 
been oxalated and nearly deplateletised by filtration through a 
clay cell gives non-retractile clots, but such blood has lost part of 
its plasma protein. 

Retractile clots may he formed in pneumonia when the number 
of placets is either normal or excessive (BEayem, 1896). Using 
injections of an extract of pneumococci in the rabbit. Van Allen 
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(1927) found that the resultant decrease in the speed of con- 
traction of blood clots did not correspond with the amount of 
destruction of platelets and that the loss of contractility con- 
tinued after the regeneration of the platelets. A temporarY 
disappearance of platelets from the blood-stream may be pro- 
duced without depriving the blood clots of their capacity to 
contract normally (Achard and Aynaud, 1908, 1 ; Pickering and 
Hewitt, 1923, 1924). The crystalline gels formed by the action 
of thrombin on fibrinogen contract rapidly, but structureless 
fibrin-gels are irretractile (Howell, 1916). The speed of the 
clotting of recalcified oxalated plasma determines the contractility 
of the clots formed. Contractile clots are produced at room 
temperature when the recalcification is rapid ; slow recalcifica- 
tion produces irretractile clots. At 40° C. both rapid and slow 
recalcification produce clots which contract rapidly (Pickering 
and Hewitt, 1924, 2). The citrated plasma of rabbits, which has 
been completely deprived of platelets, clots in 30-45 minutes 
on recalcification and gives apparently irretractile clots. When 
this plasma is mixed with concentrated serum and dilute CaCla 
it forms clots which contract spontaneously (Boskam, 1926). 
Blood clots may not contract spontaneously when platelets are 
abundantly present in the plasma (Van Allen, 1927). The view 
of Howell (1916) that clot-contraction arises from the ageiug 
and condensation of fibrin aggregates appears justified. It is, 
however, probable that the presence of platelets hastens this 
process in normal blood, possibly by modifying the adhesiveness 
and viscosity of the plasma. 



CHAPTER VIII 

The Suppression of the Coagulability of the Blood in vivo 

Natural and acquired resistance against changes in the stabihty 
of the blood — ^The negative phase of blood clotting — The action of 

peptone” on blood — “Peptone” tolerance — ^The anticoagulant 
action of arsenobenzols, of neutralised thymus nucleic acid, of 
oxalates and citrates ; also of certam other substances. 

The action of toxic substances on living organisms is 
modified by biological factors, as in natural or acquired 
resistance to certain toxins and in the increased response to 
intoxication by protein following sensitisation. It is also 
clear that the response to toxic stimuli varies in different 
animals, but these differences in behaviour are not yet 
expHcable in either physical or chemical terms. Similar 
factors apparently control the resistance of circulating blood 
to disturbants of its stability. The intravascular injection 
of tissue extracts (prepared from testis, thymus, liver, lung, 
and other organs) into dogs produces profound changes in 
the stability of their blood, which may be manifested by 
partial intravascular clotting, and by the unclotted blood 
remaining either temporarily or permanently fluid when 
shed. The fluid blood is not only stabilised, but remains 
unclotted when additional amounts of tissue extract are 
introduced into the circulation. This condition may exist 
when the blood possesses the capacity to clot slowly when 
shed. But such blood is rapidly clotted in vitro by the 
addition of tissue extract. Part of the blood has thus 
acquired the power of resisting coagulation by tissue 
extract in vivo, but loses this quality when shed. 

Extracts of testis or thymus produce intravascular clotting in 
pigmented rabbits, but do not deprive the blood that is left 
fluid of its capacity to clot in vitro. The circulating blood of 
albino rabbits resists the coagulant action of these extracts, and 
blood shed after their introduction into the circulation does not 



94 BLOOD PLASMA IN HEALTH AND DISEASE 

exhibit inhibited coagulability (Halliburton and Brodie, 1895). 
IntraTasoular clotting and concomitant hypoooagulability of 
the blood can, however, be produced in both pigmented and 
albino rabbits by the intravenous injection of appropriate 
amounts of lung extract. The Arctic hare (Lepus va/nabilia) 
resists intravascular clotting by thymus extract during the winter 
when its fur is white, but is non-resistant during the summer 
when its fur is pigmented (Hckeiing, 1896). 

Very variable results are obtained when appropriate 
amounts of peptone ’’ are injected into the blood-stream 
of fasting animals. In dogs almost complete suppression 
of the coagulability of the blood is usually produced, but 
some dogs are very resistant to this change, as was first 
observed by Gley (1896). Less marked inhibitions of 
coagulability occur in cats and rats. The resistance of the 
latter animals is correlated with their pigmentation, white 
rats being approximately twice as resistant as those with 
pigmented fur (Pickering and Hewitt, 1924, 1). 

General metabolism, particularly the rate of consumption 
of nitrogenous material, modifies the response of blood 
plasma to influences which modify its stability. The 
differenoes in the coagulability of deplateletised blood 
which has been shed during the height of digestion ahd 
fasting have already been mentioned. The extirpation of 
the liver of dogs which have been fed on a meat diet and 
have been operated on during the height of digestion is 
rapidly followed by a decrease in coagulability of their 
blood, but this does not occur in dogs which have been fed 
on a diet poor in proteins (Nolf, 1906). Electrical stimula- 
tion of the depressor nerve does not appreciably alter the 
coagulability of the blood of normal rabbits, but may render 
the blood incoagulable when the animals have been starved 
for five days or longer. Some rabbits resist this change, 
even after longer periods of starvation. In the susceptible 
anim als the urine becomes acid, indicating a metabolism 
like that of the dog ; in those which are not susceptible, the 
urine remains alkaline (de Waele, 1924). But extreme 
emaciation does not produce suppression of blood clotting 
in rabbits (Van Allen, 1927). 
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The full significaace of these observations is not yet clear, 
but it seems established that the stability of blood plasma 
in vivo may be modified by biological activities similar to 
those which control the amount of resistance to tosdns and 
by changes in the mode of autolysis of tissues. 

There are three probable explanations of the action 
in vivo of substances which prevent the clotting of blood. 
They may reuoiove from the bloodnstream material which is 
esBATitml for clotting. They may either act directly on the 
blood itself by forming complexes which are more stable 
than those of normal blood, or they may liberate anti- 
which pass into the blood-stream and restrain 
either the production or the activity of thrombin. Each of 
these explanations should be remembered in appraiting the 
significance of the facts meutioned in this chapter. 

The Native Phase ol Blood Coagulation 

The suppression of the coagulability of the blood during 
poisoning by certain snake venoms has long been known 
Montana, 1787). The production of intravascular clots and 
of blood which remains fluid when shed, by the introduction 
of tissue extracts into the circulation, was first described 
by Wooldridge (1888) and were named respectively, the 
“ positive and negative phases of blood coagulation.” 
These reactions and the protection conferred against intra- 
vascular clotting by tissue extracts have been amply con- 
firmed (Wright, 1892, and many other workers). The 
protection may, however, be only partial, as Mills (1921) 
observed that the too r^pid injection of tissue extract into 
aniTnala exhibiting the negative phase of coagulation may 
produce intravascular clotting. Martin (1893) demon- 
strated that the intravenous injection of a vlperine venom 
(of PserudecMs porphyriacus) produces similar eflects to those 
described by Wooldridge. He also noted that intravascular 
clotting occurs when nnall amounts of dther venom or 
tissue extract are rapidly injected, and that intravascular 
dotting is not produced when wimilar or even larger 
quantities are injected very slowly. Blood shed after the 
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mjection has been given slowly, lemadns either temporarily 
or permanently fitiid. In the former condition it can 
usnaJly he clotted by tisane extracts ; in the latter it 
remains fluid after their addition. Other observers have 
shown that substances of vddely different composition may 
provoke both the positive and negative phases of clotting. 
La this group are included certain synthetic colloids 
(Halliburton and Pickering, 1895), emulsions of tributyrine 
and of cream; also chloroform extracts of serum (Nolf, 
1922). 

Several esplanations of these phenomena have been 
offered. Wooldridge (1888, 1893) found that blood plasma 
shed during the negative phase is precipitated by half 
saturation with NaOl, is coagulated by tissue extracts, by 
crude lecithin and sometimes by thrombin. Erom these 
facts, he concluded that the inhibition of clotting is not due 
to the exhaustion of coagulable material and suggested that 
it involves changes aiTrii]n.r to those occurring in certain 
immunity reactions. In support of this suggestion, he stated 
that the intravascular mjection of tissue extract may pro- 
duce immunity against intoxication by anthrax. Certain 
facts point in the same direction. It has been mentioned 
that tissue extracts unite with fibrinogen and so form clots. 
The positive phase of coagulation is thus intelligible. These 
unions occur, in varying proportions, in a manner similar 
to those of toxins and antitoxins. The negative phase, 
except in cases where the whole of the fibrinogen is clotted 
and the blood so rendered incoagulable, is comparable to a 
number of in vitro reactions (described on p. 68), in which 
the mode of admixture determines the result produced. 
It should be recalled that larger amounts of the toxins of 
diphtheria and of ricin axe neutralised by their respective 
antitoxins, when they are mixed in two fractions, with a 
time mterval between, than when they are mixed at once 
(Dansyz, 1902). When kidney extract k added slowly, 
drop by drop, to shed bird’s blood, a longer time elapses 
after the addiiion of the last drop and the occurrence of 
olotting than when the same amount of extract is added 
rapidly to the blood (Pickering and Hewitt, 1921). 
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Wrifeht (1892) sngges^ that tissue extracts consist of two 
parts, one a nuclein whioh pomotes clotting, the other a pep- 
tone-like suhstanoe which hinders -clotting. Pekelharing (1895) 
claimed the findin g of peptone in negative phase blood. But 
Martin (1893), and Hhihburton and Brodie (1896), found no 
indication of its presence, and both the positive and negative 
phases of coagulation can be produced by the intravenous 
injection of substances which do not yield peptone on digestion 
with pepsin and dilute HCl (Halliburton and Pickering, 1896). 
The hq)atic secretion of anticoagulants is improbable, ainno 
Arthus (1910) found that a negative phase can be produced when 
the liver is not supplied with blood. 

Mellanby (1909, 2) states that the completely incoagulable 
bloods produced by the intravascular injection of viperine 
venoms do not contain fibrinogen and explains the diBEerent 
results arising from the action in vivo of both venoms and 
tissue extracts as follows : When the mjeotion is rapidly 
given, fibrin is quickly formed and its molecules coalesce 
into filaments and so form clots. Slow injections produce 
a correspondingly slow formation of fibrin, which is removed 
from the blood-stream by the tissue cells before it can form 
filaments and produce clots. The latter process is an-id to 
occur to a less extent when n^ative phase blood retains 
its capacity to clot in vifro, and it is suggested that the 
quantities of fibrinogen and prothrombin left in the blood 
are so small that the generation of tbrnTubju from pro- 
thrombin is sufidciently slow to permit its neutralisation by 
an antithrombin contained in the plasma. It has not, 
however, been demonstrated that antithrombin exists in a 
free condition in plasma. 

Somewhat similar explanations have been ofiered by other 
wnters. Holf (1921, 1922) maintains that n^ative phase blood 
is defibrinated by the deposition of an ultramicrosoopio fibn of 
fibrin on the vasoplar endothelium and that the fibrin is removed 
by a specific lysin. He also states that circulating blood can be 
completely defibrinated without the formation of visible clots 
Thm conclusion is based on the fact that negative phase blood 
which remains perma^tly fluid in vitro is not coagulated on 
heating to 66“— 60° C., i.6., at the temperature at which fibrinogen 
is coagulated. Furthermore, the addition of the appropriate 
amounts of neutral salts may not precipitate fibri-nf>g«n But 



98 BLOOD PLASMA IN HEALTH AND DISEASE 

these experiments do not prove that fibrinogen has been removed 
from the blood-stream. It is possible that the stability of the 
plaama. has been so altered that it resists salt-preoipitation and 
coagulation by heating to 50®— 60“ C. To establish Nolf’s hypo- 
thesis it is necessary to show that proteins of plasma have been 
depleted to an extent equal to the amount of fibrinogen present 
before the production of the negative phase. Both Outmann 
(1914) and Mills (1921, 2) found a shortage of fibrinogen in 
negative phase blood which ultimately dots. The former observer 
suggests that when intravascular clots are formed they adsorb 
fibrinogen from the plasma and so increase the deficiency of 
ooagulable protein. 

Very extensive intravascular clotting may possibly 
defibrmate the blood and so render it incoagulable, but 
“defibrination” does not explain temporary suppression 
of clotting. Negative phase bloods which remain fiuid 
in, vitro for half an hour may yield two-thirds of the normal 
amount of fibrim, and a greater shortage may occur in normal 
bloods without impairing their coagulability. In some 
negative phase bloods the yield of fibrin is, however, mudi 
less. Gutmann (1914) found that only one-ninth of the 
normal amount of fibrin and a quarter of the normal amount 
of thrombin may be obtainable. Very extensive intra- 
vascular clotting is produced by the intravenous injection of 
silica sols into rabbits, but the blood left fluid clots rapidly 
when shed. This occurs after the injections have been given 
dther slowly or rapidly (Gye and Purdie, 1922). I have 
confirmed these observations and found that the fibrinogen 
and prothrombin can be reduced by this method to respec- 
tively one-fifteenth and one-tenth of their normal amounts, 
without impairing the capacity of the blood to clot rapidly 
when shed (in six to dght minutes at 16“ C.). These results 
are inconsistent with the conclusion that a temporary nega- 
tive phase arises from the removal of fibrinogen and pro- 
thrombin from the blood, but they are consjstent with the 
suggestion that there are fundamental difibrences between 
negative phase blood and pure blood which has been par- 
tially defibrinated in vivo. The former appears to be 
stabilised ; the latter has been shown to be hyperooagulable 
(Piokering and de Souza, 1923). 
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Other factors may contribute to the production of the positive 
and negative phases of clotting. In ansesthetised animals, 
asphyxia favours the formation of intravascular clots. The 
alkali reserve is reduced in negative phase blood (Mills, 1921) 
and m the “ incoagulable ” blood produced by intravenous 
mjections of “ peptone (Underhill and Ringer, 1921 ; Blum 
and collaborators, 1924, 2 ; Baumberger, 1926). Both Schmidt 
(1892) and Deetjen (1909) found a considerable delay in the 
clotting of shed blood when the escape of CO 2 is prevented. 
Ohio (1917) states that shed blood remains flmd when subjected 
to certain pressures of a mixture of COg and 0. Pickering and 
Hewitt (1921) suggest that tissue extracts, when injected into 
the circulation, react with fibrinogen and with the substances 
forming the alkali reserve. BKrsch (1924) maintains titat the 
initial change m blood coagulation is a rapid alteration in the 
alkali reserve, whereby CO 2 is liberated. The recent work of 
Baumberger (1926) indicates that intimate relationships exist 
between the amount of the alkali reserve and the coagulabihty 
of the blood. He states that the optimum for clotting is repre- 
sented by an amount of bicarbonates corresponding to about 30 
volumes per cent, of COg In both negative phase and “peptone” 
blood, the alkali reserve falls below this value. 

The intravascular mjection of tissue extracts causes a prompt 
fall in the number of circulating platelets. If the platelets are 
rdatively abundant, whipping of the blood produces a small 
amount of fibrin. If the platelets are considerably reduced in 
number, no fibrin is obtained by whipping, but the blood eventu- 
ally clots in lumps (Burke and Tait, 1926). Depletion of platelets 
undoubtedly contributes to the stability of negative phase 
blood, but it does not explain all the characteristics of the blood 
in that condition. Tissue extracts which have remained in 
suspension for one or two days lose their capacity of producing 
intravascular clotting, but retain the power of removing platelets 
from the circulation. The intravenous injection of the stale 
extracts produces some delay in the ’clottiiig of blood, but the 
delay is much less than that produced by fresh extracts. Further- 
more, Burke and Tait (1926) demonstrated that there is no con- 
stant relationship between the number of circulating platelets 
and the amount of fibrinogen obtainable from negative phase 
blood. 


The Action of Peptone on Blood 

The observation of Schmidt-Mulheim ( 1880 ) that very 
large amounts of peptone ** are required for the suppres- 
sion of blood clotting in vitro led to the belief that moderate 
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oonoentrations of “ peptone ” have no direct action on blood. 
Some of the earlier experiment were, however, opposed to 
this conclusion. Ajffanassiew (1884) found that blood shed 
from the artery of a dog into 1-225-1-6 per cent, of peptone 
remained fluid at 40“ C. PoHitzer (1886) stated that a 2 per 
cent, solution of hetero-albumose inhibits the clotting of 
blood m wtro, and Halliburton (1888) noted that this sub- 
stance delays the coagulation of salted plasmas. Shore 
(1890) observed that relatively large amounts of “ peptone ” 
do not suppress the clotting of lymph obtained from the 
thoracic duct and that smaller quantities inhibit clotting. 
In one experiment, in which the concentration of “pep- 
tone ” was only 0"377 per cent., the l 3 nnph remained fluid 
for twenty-four hours (the pure lymph clotted in ten to 
fifteen minutes). 

The action of “ peptone ” on shed blood was reinvesti- 
gated by Camus and Gley (1896), who found that eleven to 
fifteen tim^ more “ peptone ” is required for the retarda- 
tion of clotting in vitro than suffices when the “ peptone ” 
is injected intravenously. It was then assumed that the 
suppression of the coagulability of the blood which follows 
the intravascular injection of small quantities of “ peptone ” 
is due to the “ peptone ’’ simulating the body cells to secrete 
an excess of antitfarombm, which passes into the circulation 
and prevents blood clotting by neutralismg thrombin. 
These opinions were reached without giving attention to the 
change occurring in blood when it is shed upon a surface 
which it wets. Dmt the difference in the amounts of 
“ peptone ” required for the suppression of the clotting of 
shed and drculating bloods is largely due to such changes 
is shown by the foUowing observations : 

The introdnctian of at least 0-3 per cent, of “ peptone ” into 
the cdrculataiig blood of the oat is required for the production 
of a marked inhibition of blood olotti^. The adchtion of this 
canoentcation of “ peptone ” to cat’s blood in vibro does not 
suppress dotting if me blood is shed without preventing the 
surface changes which initiate clotting. When, however, the 
surface conditions of the blood are partly preserved by bleeding 
thxou^ a paraffined cannula into a paraded vessel, the results 
are dnferrait. In two l^^jnoal experiments the presence of 
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0*3 per cent, of ‘‘ peptone ” respectively delayed the clotting of 
blood shed on paraf&n for 80 and 109 minutes (Pickering 
and Hevdtt, 1922, 1). This inhibitory effect is not produced if 
the blood has remained m contact with glass for two or 
three minutes before it is transferred to a paraffined vessel 
and mixed with ‘‘peptone.” Under these conditions, eight 
to ten times more “ peptone ” is required to prevent clotting. 
The instantaneous mixing of 0*3 per cent, of “ peptone ” with 
blood shed in glass vessels has h^dly any effect on the speed 
of blood-clotting, but higher concentrations (0*6-1 per cent.) 
distinctly retard clotting. When more stable bloods are used, 
the anticoagulant action is more marked. Nolf (1922, 1) found 
that 0*6 per cent of “ peptone ” suffices in vitro for the complete 
suppression of the clotting of the blood of the domestic fowl, 
whilst the addition of 0*4 per cent, delays for four hours the clot- 
ting of tortoise’s blood (Pickering and Hewitt, 1924, 1). Bloods 
that resist the anticoagulant action of “ peptone ” in vivo also 
resist such action in vitro. For example, relatively large injec- 
tions of “ peptone ” are required to decrease the coagulability 
of the blood of rats and a concentration of 0*3-0*4 per cent of 
“ peptone ” has hardly any anticoagulant action on rat’s blood 
shed into paraffined vessels (Pickering and Hewitt, 1924, 1). 

It thus appears that the condition of the blood deter- 
mines its behaviour in the presence of “ peptone ” and that 
the anticoagulant action of peptone ” may be as active 
in vitro as in vivo when the surface conditions of the blood 
have not been greatly disturbed. 

In a recent review of this work, Nolf (1926) admits the 
anticoagulant action of “ peptone ” on shed blood, but 
maintains it is fundamentally different from that produced 
in vivo. It is difficult to reconcile this conclusion with the 
following facts. Blood or plasma which has been ‘"pep- 
tonised ” in vivo exhibits the following characteristics : It 
is coagulated by the passage of a stream of CO 2 , by acidifica- 
tion, by dilution with distilled water, by passage through a 
clay cell and by the addition of chemically inert powders 
(Pano, 1882 ; Wooldridge, 1884-1885, 1893 ; Gratia, 1921). 
It is not clotted by dilution with 0-9 per cent. NaCl (Howell, 
1912). All these characteristics are exhibited by bloods 
and plasmas, which have been kept fluid by the addition 
of small amounts of peptone in vitro. 

There is then a considerable amount of evidence which 
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indicates that the anticoagulant action of ‘‘ peptone is 
primarily due to its interaction with plasma. It seems 
established that ‘‘ peptone ” unites with plasma and forms 
a relatively stable complex which resists disintegration 
and coagulation. 

A number of other facts are consistent with these conclusions. 
The first action of “ peptone ” in vim is the production of hyper- 
coagulabihty of the blood (Nolf, 1905, 1 , de Waele, 1921). Ihe 
tension of CO 2 io. the blood is decreased (Labousse, 1889 ; Salvioli, 
1892 ; Baumberger, 1926). Slight flocculation and changes in 
the surface tension of the plasma are also produced (Zunz and 
Gyorgi, 1914 ; Kopaczewsln, 1921 ; Gautrelet, cited by Hanzlik, 
1924). These changes point to disturbance of plasma complexes 
prior to their umon with peptone. ‘"Peptone” hinders the 
lysis of blood platelets (Afl^assiew, 1884) and restrains the 
hsemolysis of erythrocyt^ (Hckering and Taylor, 1924). A 
general stabilisation of the blood is thus indicated. “ Peptone ” 
plasma differs from plasma kept fluid by the addition of anti- 
thrombin (obtained by Doyon^s method, described in Chapter 
VI.). The changes that produce thrombin are suppressed in 
“ peptone plasma ” (Gratia, 1921). In antithrombin plasma 
the formation of thrombin is not prevented, but the thrombin is 
inactivated. Hirudm prevents both the formation of thrombin 
and the coagulant action of thrombin on flbrinogen. But 
hirudinised plasma differs radically feom “ peptone ” plasma. 
It is not clotted by COg, by dilution with water, nor by acidifica- 
tion (Gratia, 1921). 

“Peptone” produces other effects in vivo which may 
augment its anticoagulant action. The temporary dis- 
appearance of platelets from the circulation during “ pep- 
tone ” shock has been mentioned, and accounts for much 
of the delay in blood clotting. In some carnivores, especi- 
ally in dogs, the intravascular injection of “ peptone ” may 
possibly stimulate the autolysis of cells and tissues and so 
produce anticoagulants, which pass into the blood-stream. 
A considerable amount of evidence suggests, but does not 
prove, that the liver is the seat of such a reaction. 

Contejean (1896) and Gley and Pachon (1895) respectively 
claimed that “ peptone ” injections have no anticoagulant action 
after ligature either of the abdominal arterial trunks or of the 
hepatic lymphatics. Starling (1895-1896) and Delezenne (1896) 
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could not, however, confirm these statements. H4don and 
Delezenne (1896) established an Eck’s fistula in two dogs and, 
as far as possible, removed their hvers. In these animals the 
intravascular injection of “ peptone did not delay blood clotting. 
Delezenne (1896) reported four similar experiments, only one of 
which was described in detail. In the first two experiments 
several hours elapsed after the operation and before the ** pep- 
tone was injected. In the experiment described by Delezenne, 
filve hours passed before the injection of “peptone.’’ Similar 
results were obtained by Nolf (1905, 1, 3) after the total 
extirpation of the liver in anaesthetised and narcotised dogs. 
The common features of these experiments are impairment of 
vitahty by prolonged and severe operations, also by narcosis, 
leading to a decrease of oxygen and an increase of COg in the 
blood. Workmg with anaesthetised cats, Pickering and Hewitt 
(1922, 2) found, in both intact animals and m those deprived of 
hepatic activity, that the intravascular injection of “ peptone ” 
inhibits blood clotting, and that the anticoagulant action is 
annulled during partial asphyxia, when there is an excess of 
GO^ in the blood. They also showed that the anticoagulant 
action is restored when the animals respire oxygen or are over- 
ventilated. The earlier results may thus be due to an increase 
of COg in the blood and not to a loss of hepatic activity. In 
reviewing this work, Nolf (1926) admits the demonstration of 
the anticoagulant action of “ peptone ” in animals deprived of 
hepatic activity and leaves uncriticised the statements respecting 
the failure of “ peptone ” to inhibit clotting when the CO 2 in 
the blood is increased. 

Doyon (1921) states that he has produced incoagulable blood 
by injecting “ peptone ” into dogs deprived of hepatic activity, 
but that this only occurs rarely, Nolf (1922) records as “ a 
curious occurrence ” that the anticoagulant action of “ peptone ” 
on the circulating blood of the domestic fowl is actually greater 
after extirpation of the liver. However, Nolf (1926) a^eres to 
his conclusion that “ peptone ” stimulates the hepatic secretion 
of protective colloids (which he calls “ antithrombosines ”), and 
that these bodies assist in the suppression of blood clotting. 
He bases these conclusions on the following observations : Smaller 
quantities of “ peptone ” suppress clotting iu intact animals 
&an in those deprived of hepatic activity. The blood of dogs 
which has been ruixed with “ peptone ” and has remained in the 
blood vessels of an excised liver, does not clot when shed (Nolf, 
1906, 1). Injections of “ peptone ” which are insufficient to 
suppress the coagulability of circulating blood delay the clotting 
of lymph shed from the tiioracio duct (Shore, 1890). The first of 
these observations may be due to the increase of COg in the blood. 
The loss of ooagulabilLly of the blood after hepatic perfusion 
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may be due to the autolytic production of an anticoagulant by a 
moribund liver. It has been mentioned that freshly prepared 
tissues do not yield anticoagidants when extracted with normal 
saline and that stale tissues yield such bodies. It may be added 
that chemical or electrical stimulation of the livers of normal 
dogs does not produce an anticoagulant, neither does perfusion 
of the liver with normal saline (Menten, 1920). The third 
observation may be due to the greater stability of lymph. 

Despite these possibilities, “ peptone ’’ may stimulate the 
production of anticoagulants by exciting abnormal autolysis, 
but only in animals possessing a very active nitrogenous meta- 
bolism. NoM (1905, 1) observed that a mixture of rabbit’s 
blood and “ peptone ” clots readily after remaining in the liver. 
It has been mentioned that protein-phospholipm complexes 
yield, on disintegration, an anticoagulant globiQin. The pro- 
duction of incoagulable blood by the stimulation of the depressor 
nerve of starving rabbits should also be recalled. In these 
animals self -digestion may well produce anticoagulants in the 
liver, which may he carried into the circulation when hepatic 
secretion is stimulated. But this evidence lends no support 
to the still current conclusion that the normal livers of aU mam- 
mals secrete antithrombins and so preserve the flui^ty of cir- 
culatiug bloods. 

Other explanations of the anticoagulant action of pep- 
tone” have been offered. Dastre and Plouresco (1896), 
also MeUanby (1909, 2), suggest that it is solely due to the 
production of an excess of alkali by the liver. Gratia (1921) 
opposes this suggestion, because he was unable to find the 
slightest difference between the alkalinity of ** peptone ” 
and normal plasmas. Observations have, however, been 
cited in this chapter which indicate that changes in the 
relationships of the tension of CO 2 in the blood and the 
alkali reserve may contribute to the maintenance of the 
fluidity of the blood. 

Both Popielski (1913) and Doyon (1919) recognise the diffi- 
culties in accepting the opinion that the anticoagulant action 
of “ peptone ” is due to the hepatic secretion of antithxombin. 
They suggest that antithrombin is secreted by the vascular 
endothelium and so passes into the blood. But despite many 
attempts, antithrombin has not been extracted from the 
freshly prepared tissues of blood vessels. Nolf (1911, 1922) 
maintains that the primary cause of the suppressed coagula- 
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bility of blood peptonised in vivo is defibrination of the 
plasma. This appears improbable. Foster and Whipple 
(1921) obtained more than 90 per cent, of the normal amount 
of fihriTi from blood which had been rendered incoagulable 
by the injection of “ peptone.” Zunz (1926) states that the 
quantity of fibrinogen in such blood may be almost normal 
or may be increased or decreased, the increases varying 
from 2‘3-10‘7 per cent., the decreases from 0'84-37*44 
per cent. 

Milla (1926, 4) suggests that the action of “peptone ” in vivo 
is “ a iypical immune reaction and may provide approach 
for study of immunity on chemical lines.” He holds that 
the initial hypercoagulability of the blood following 
“ peptone ” injection is due to the union of plasma and 
“peptone,” and that this provokes the outpouring of 
cephalin-absorbiog proteins, which regenerate prothrombin 
from thrombin and so prevent clotting. It is too early to 
estimate the value of these suggestions, but they do not 
explain the anticoagulant action of “peptone” on blood 
shed into parafiSned vessels, unless “ peptone ” disintegrates 
plasma and liberates anticoagulants. 

‘‘Peptone” Tolerance 

It has long been known that dogs which have received 
an intravenous injection of “ peptone ” may exhibit com- 
plete resistance to subsequent injections. The tolerance 
continues after the blood has regained its coagulability, but 
is usually lost in twenty-four hours. It has also been 
demonstrated that the slow intravascular injection of 
“ peptone ” does not prevent blood clotting (Fano, 1881 ; 
Oontejean, 1896 ; Gley and Leblas, 1897). llie tolerance 
was explained by Fano (1881) as due to the exhaustion of an 
anticoagulant, which he believed to be liberated by the first 
injection.; the disappearance of the tolerance was ascribed 
to a fr^h production of anticoagulant. Oontejean (1896, 
1, 2) claimed the production of “ peptone ” immunity by 
using serum derived from peptonised blood as a vaccine, 
but he subsequently accepted Fano’s hypothesis. Spiro 
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and Ellinger (1897) supported the theory of iTinTTn iniW.inp 
and suggested that body fluids, particularly lymph, contain 
a substance which neutralises anticoagulants. Nolf (1902) 
maintained that small amounts of “ peptone ” provoke an 
immunity reaction in the liver. He found that dogs wMoh 
have been rendered tolerant to “ peptone ” remain in this 
condition when their blood has been replaced by that of 
normal dogs ; also that normal dogs are not immune to 
“ peptone ” when they have been transfused with the bbod 
of dogs that have acquired resistance to “ peptone.” 

In later papers, Nolf (1921, 1922) suggests that the 
primary cause of the stability of the blood in “ peptone ” 
shook is defibrioation of the plasma. Presumably, he ex- 
plains the disappearance of tolerance by a regeneration of 
fibimogen. Mellanby (1909, 2) concludes that the tolerance 
is due to the exhaustion of ah^line substances m the hver, 
but he does not offer any direct evidence in support of his 
opinion. Hepatic activity is not essential for the produc- 
tion of tolerance of “peptone.” Pickering and Hewitt 
(1922, 2) showed that serial injections of small amounts of 
“ peptone ” into cats deprived of hepatic activity, produce 
tolerance to subsequent injections of amounts of “ peptone,” 
which are sufficient for the suppression of the clottLog in 
vitro of the blood of normal cats for twenty-four hours. De 
Wade (1924) found fluctuations in the coagulability of the 
blood after ^e intravascular injection of substances which 
disturb the stability of circulating plasma, hypercoagular 
bility being commonly followed by hypoooagulability. He 
suggested that any substance which increases the coagula- 
bility of the blood subsequently evokes the secretbn of 
antithrombin. The first action of “ peptone ” is the pro- 
duction of hypercoagulability ; the subsequent suppression 
of clotting is ascribed to the secretion of antithrombin. If 
this be true, tolerance is due to a temporary immunity to 
the second reaction. But, both silica sols and purified 
thrombins provoke h 3 rpercoagulabi]ity in circulating blood 
without producing either a subsequent suppression of blood 
clotting or any change resembling immune reactions. 
PurthOTmore, the hyppcoagulabOity of the blood following 
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the intravascular mjection of foreign material is often due to 
deplateletisation. 

La certain characteristics, the production of tolerance to 
“ peptone ” differs from immunisation. A much longer 
period is required for the development of immunity to 
bacterial toxins than for the appearance of tolerance of 
“peptone.” The duration of the former condition is 

much longer than that of the latter. The ratio 

globulin 

in plasma is commonly increased during immunisation, but 
may remain unaltered or may be slightly decreased during 
“peptone” tolerance. The investigation of these differ- 
ences should throw a considerable amount of light on the 
changes produced during immunisation and tolerance. 
In Chapter II. evidence is cited which shows that the plasma 
of adult animals contains all that is necessary for immune 
reactions ; that just mentioned suggests that the changes 
which produce tolerance also arise in plasma. It appears 
that one of the functions of blood plasma is the suppression 
of toxic activities. 


The Anticoi^nlant Action of Axsenohenzols, of Neutralised 
Thymus Nucleic Add, of Oxalates and Citrates, also of 
certain other Substances 

A knowledge of the toxic action of arsenobenzols on the 
blood is of practical importance, on account of the use of 
these substances in the treatment of venereal and other 
peases. The anticoagulant action of arsphenamine and of 
its derivatives, novarsenohenzol and sulfarsenol, on both 
circulating and shed blood has been amply demonstrated 
(Tzanck, 1921 ; Mandin and Tzanck, 1921 ; Laumoy, 1921). 
The anti-haemolytic action of novarsenol (BiUon) has already 
been mentioned. Stabilarsan (arsenobenzol combined with 
glucose) does not, however, alter the speed of blood clotting 
(Anwyl-Davies and Mellanby, 1923) and does not suppress 
haemolysis (Pickering and Taylor, 1924), The toxicity of 
alkalme arsphenamine solutions is reduced hy the addition 
of certain hydrophilic colloids, especially by gelatin. Much 
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larger doses aie tolerated, aad the intravenous injection of 
amonnts which, without the protective colloid, produce 
severe reactions, may have no effect on the stability of the 
blood (Oliver and others, 1923). 

A few other facts are kaown. Plasma which has been 
rendered incoagulable by the mtravenous injection of novar- 
senobenzol is clotted in vitro by the addition of either serum 
or CaClg (Laumoy, 1921 ; van Dyke, 1926). Opalescence 
has been observed in plasmas which contain sufficient 
arsphenamine to remain fluid when shed (Oliver and Douglas, 
1923), and precipitates may be formed after its addition to 
piflamn. and serum irt vitro ; also in pulmonary blood after 
the mjection of arsphenamine hydrochloride (Smith, 1920). 
Alkaline solutions of arsphenamine produce, however, less 
precipitation and this may be due to the dispersing effect 
of the excess of alkali of the disodium salt (Voegtlin, 1925). 
Concentrations of novarsenol (Billon) and of sulfarsenol 
which are sufficient to render shed blood incoagulable 
do not prevent the clotting of fibrinogen by thrombin. 
It has also been demonstrated that much smaller amounts 
of novarsenobenzol (neosalvarsan) suffice for the suppression 
of clotting when injected intravenously than when added 
to shed blood (Nolf, 1922, 1). 

It is clear then that all these medicaments, except stabi- 
larsan, may profoimdly alter the stability of the blood. The 
mishaps which follow overdosage or too rapid intravenous 
injection are thus intelligible. Emile-Weil (1924) believes, 
however, that the toxic action of arsenobenzols is not due 
to their anticoagulant action. This conclusion may be 
correct, smce an equal or even greater inhibition of blood 
clotting is produced by heparin, without any signs of intoxi- 
cation. But the importance of the blood iu the physio- 
logical response to arsenobenzols is illustrated by the 
foUowing observations. Arspheuamine agglutinates eiythro- 
C3dies in vitro, and the intravenous injection of moderate 
amounts may produce multiple emboli in the lungs 
and other organs (Earsner and Hanzlik, 1920 ; OHver 
and collaborators, 1922, 1923). Less toxic action follows 
the injection of blood mixed with a moderate amount of 
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arsenobenzol than that produced when an equal amount of 
t.Tiia arsenical compound is injected alone (Flandin and 
Tzanck, 1924), Lethal action is recorded by Rosenbloom 
(1924) as follo\7ing the administration of a therapeutic dose 
of arsphenamine to a haemophilio who was also syphilitic, 
and it will be shown later that the essential defect in haemo- 
philia is an abnormal stability of the blood. 

Syphilitic cases have been recorded in which arseno- 
benzols produce exceptionally severe reactions. In certain 
fnmrig of syphilis the condition of the blood so closely 
resembles that of haemophilia that they have be^ described 
as “ acquired haemophilia ” (see p. 189). It is possible that 
these facts may be related and that “ accidents ” in the 
careful use of arseuobenzols may be so explained. Using a 
simile, it appears probable that the phusma acts like a 
“ shock-absorber ” when exposed to moderate amounts of 
arseuobenzols, and that when its stability is considerably 
increased it no longer behaves in this manner. If subse- 
quent observations justify this suggestion, observations on 
the stability of the blood, as indicated by its coagulability 
when shed, should reveal hypersensitivity to arsenobenzols. 

Several explanations have been offered of the anti- 
coagulant action of arsenobenzols. Laumoy (1921) suggests 
that there is a reaction in plasma with thrombin or its pre- 
cursors. Helmonowa (1922) states that the changes which 
normally produce thrombin are suppressed. A similar 
conclusion was reached by Pickering and Taylor (1924). 
Oliver and Douglas (1923) suggest, however, that the 
reaction is with fibrinogen. Nolf (1922, 2) maintains that the 
anticoagulant action in vivo is fundamentally different from 
that in vitro. In the former case the plasma is defibrinated 
without the formation of visible clots. In the latter, the 
stability of the plasma is increased by its union with the 
medicament. But the loss of coagulability after the intra- 
venous injection of an arsenobenzol may be only temporary. 
In such cases stabilisation is indicated, not defibrination. 

Anwyl-Davies and Mellanby (1923) have provided indirect 
evidmice of the union of arsenobenzols (except stabila r san) 
with fibrinogen, and the work of van Dyke (1926) strongly 
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supports this conclusion. It also suggests the occurrence of 
accessory inhibitory action on thrombin, which appears 
to be reversible. 

In the preceding chapters much evidence has been cited 
which suggests that in plasma fibrinogen and prothrombm 
are bound together into a complex which behaves as a 
co-ordinated whole. The stabilisation of fibrinogen thus 
impKes the maintenance of prothrombm in a stable condition, 
and it is generally recognised that changes in prothrombin 
are essential for the inception of blood clotting. The con- 
clusion that arsenobenzols unite with fibrm 9 gen, forming 
a stable combination, is, therefore, consistent with evidence 
that they suppress the inception of blood clotting. When 
however, non-toxic doses of arsenobenzols are given the 
coagul«i»bility of the blood is unaltered, or only slightly 
altered, and the reactions just described either do not occur 
or are reversed by dilution. 

In acid solutions appropriate concentrations of arsphenamine 
and of certain of its derivatives, such as salvarsan, coagulate 
and precipitate plasma proteins in vitro (Michaelis, 1910 ; Meig, 
1914, and several other observers), and a like reaction in vivo 
follows the intravascular mjection of lethal amounts of arsphena- 
mine into rabbits and rats, the coagula and precipitates bemg 
most marked in the blood vessels of the lungs (Lucke and ELohner, 
1921). These reactions provide an explanation of the fatalities 
which have followed the intravenous injection of unneutralised 
arsphenamine, which has been insufficiently diluted. Neo- 
arsphenamine, sulpharspheiiamine and tryparsamide, as at pre- 
sent manufactured, are said not to coag^te the proteins of 
serum in vitro, and there is no reason to assume that they coagu- 
late or precipitate circulating plasma (Holmer, 1926). Alkaline 
solutions of arsphenamine, in concentrations up to 10 per cent., 
do not precipitate or coagulate blood, but precipitation of the 
arsphenamine base may occur together with agglutination of 
erythrocytes. These facts are of considerable importance in 
the therapeutic use of arsenobenzols, and have been reviewed, 
with a bibliography, by Kolmer (1926). 

Doyon (1921) showed that neutralised thymus nucleic acid 
suppresses the coagulability of both circulating and shed 
blood ; also that smaller amounts of this anticoagulant 
are required for the former than for the latter reaction. He 
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esplains the inhibition, of the olotfdng of shed blood as due 
to direct action on the plasma, but suggests that the greater 
restraint of clotting in vivo arises from the secretion of an 
antithrombic nucleoprotein, either by the liver or by the 
vascular endothelium. The increase of anticoagulant action 
in vivo can, however, be explained without this assumption. 
The intravascular injection of neutralised thymus nucleio 
acid removes blood platelets from the circulation and so 
delays the inception of clotting. Blood, when shed and ilien 
mixed with this anticoagulant, contains a normal number 
of platelets and consequently clots more rapidly. Larger 
amounts of neutralised thymus nucleic acid are required 
for the prevention of the clotting of blood which has 
remained for a few minutes in contact with glass, but is still 
completely fluid, than when the mixing is made immediately 
after the blood is shed. There is actually a progressive 
decrease in anticoagulant action which corresponds with 
the duration of the contact of the blood with the glass 
(Pickering and Taylor, 1924). It is evident that this 
anticoagulant inhibits the pre-clot changes in blood and 
that the reaction is impaired by contact-action. It may 
he added that this suppression of clotting is as marked in 
animals deprived of hepatic activity as in those m which 
the liver is active (Pickering and Hewitt, 1924). 

Considerable difficulty has been experimced in testing 
the anticoagulant action of soluble oxalates and citrates on 
circulating blood, owing to the toxicity of these salts. 
Mills (1921) found ihat the blood of a rabbit which had been 
completely prostrated by the injection of potassium oxalate 
exhibited a normal speed of clotting. The suppression of 
blood clottmg in frogs, dogs and rabbits by the iuixa- 
vascular injection of sodium citrate was, however, demon- 
strated by Sabbatani (1900-1901). Pithed cats eybibit. 
greater resistance to the toxic action of potassium oxalate. 
The intravenous injection of small amounts (O-OOS gm. in a 
three-kilo animal) produces hypercoagulability of the blood, 
large amounts (0*25 gm.) completely inhibit clotting. The 
intravascular injection of an appropriate amount of Cad^ 
during the conditian of incoagulability causes extensive 
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iatraTascular clotting. Similar results are obtained in 
those rabbits which survive oxaiation. In both oats and 
rabbits the intravenous injection of small amounts of 
sodium citrate produces h 3 ?perooagulable blood, larger 
amounts suppress the coagulability of the blood so that it 
remains fluid for twenty-four hours or lor^er after it is shed. 
BecalciflcatLon in vivo does not provoke intravascular 
clotting in oats, but may or may not produce this result in 
rabbits. In both species the blood is rendered h 3 rper- 
coagulable (Pickering and Hewitt, 1925). 

In cats, a partial recovery from the toxic effects of citrate 
occurs naturally and is accompamed by a restoration of the 
coagulabilily of the blood. A less marked increase of 
coagulability may occur after the hypocoagulabiUty pro- 
duced by oxalation. The natural restoration of coagula- 
bility does not provoke intravascular clotting (Pickering 
and Hewitt, 1925). It has been shown that citrates are 
eliminated ^m the blood-stream by oxidation (Salant and 
Wise, 191&-1917), and it is probable that oxalates are 
partially destroyed by similar action. The natural restora- 
tion of the coagulability of blood may be thus explained. 
The rapid destruction of citrates in vivo provides a defence 
against the toxic action of small amounts of these salts, 
such as those used in blood transfusion. 

Several current explanations of the stabihty and ooagula- 
bilify of the blood, particularly those associated with the 
names of Morawitz, Howell, Bordet and Mills, are largely 
based on observations on plasmas which have been mther 
oxalated or citrated in vitro and then recalcifled. It is 
implied that the behaviour of plasma after such treatment 
provides reliable information for the elucidation of the 
properties of ncnrmal blood. The observations just described 
show that such a conclusion may not be always true. 
Giroulating blood in a normal condition, and even blood 
which has regained its coagulability after citration, 

behaves hke a liquid in equilibrium. Its fluidity is pre- 
served until it is ^ed. Blood which has been dtoated or 
oxalated in vitro and then recalcifled behaves like material 
not in equilibrium. It rapidly changes from a sol to a gel 
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and so reacts like blood whicb has been altered by contact- 
action. It appears that observations on plasmas which 
have been citrated or oxalated in vitro and then re-calcified 
are only of general value in the interpretation of changes in 
shed blood. 

Salts of zinc suppress the coagulability of both circulating 
and shed blood, and it has been suggested that they might 
be used with advantage in blood transfusion instead of 
sodium citrate. Zinc sulphate, for example, is twenty 
times more active as an anticoagulant than is citrate of 
sodium (Lumiere and Couturier, 1925, 1926). The advisa- 
bility of this procedure is questioned by Melon (1926), on 
account of the toxicity of zinc salts. He states, however, 
that non-toxic doses of zinc sulphate inhibit blood clottiug 
in rabbits and guinea-pigs, but that this action disappears 
in about an hour. He behaves that the activities which 
normally lead to the production of thrombin are restrained. 

The anticoagulant actions of heparin, hirudin and of 
antithrombins have already been discussed. Of these 
bodies, the first two are useful in experimental physiology. 
The present state of knowledge suggests, however, that 
sodium citrate is the best anticoagulant for transfusions, 
but heparin may possibly prove of value in medical practice. 



CHAPTER IX 


The Condition of the Blood in Anaphylactic and 
Anaphylactoid States 

The general characteristics of anaphylactic shock — Some explana- 
tions of anaphylaxis — Sensitisation, antisensitisation and desen- 
sitisation — ^Anaphylactoid phenomena — Some practical apphcations 
and suggestions for research — ^Addendum. 

The iatrodiiction of foreign protein into the blood-stream 
may evoke, after several days, an increased response to the 
subsequent administration of the same kind of protein. 
The imknown process which causes the h3q)ersensitiveness is 
called '' sensitisation/’ The effects produced by the 
administration of protein after sensitisation are known as 
anaphylactic shock.” In their most typical form there 
occurs marked bronchial constriction, followed by dilata- 
tion of the lungs, hypersensitiveness of the smooth muscles 
of certain organs and alterations in the coagulability of the 
blood. A phase of hypercoagulability is followed by hypo- 
coagulability, which is manifested either by delay in the 
clotting of shed blood or by the complete loss of the capacity 
to clot spontaneously. The phase of hypercoagulability 
may, however, be of such short duration that it is not readily 
recognised. Its occurrence is of considerable importance, 
since it indicates that changes in the stability of the blood 
precede the suppression of blood clotting. Agglutination of 
platelets and their disappearance from the blood-stream also 
occur and, more rarely, thrombi are formed in the pul- 
monary, hepatic or cerebral vessels. This syndrome may 
vary both quantitatively and qualitatively. The reactions 
in the respiratory system and in smooth muscle may he dis- 
tinct when the coagulability of the blood is hardly altered. 
Lee and Vincent (1917) describe this condition in cases of 
mild shock. 
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CShanges ia the stability of the blood do not apparently 
account for all the phenomena. The observations of Dale 
(1912-1913) on the isolated uterus of the sensitised guinea- 
pig surest that the provocative dose of protein produces 
colloidal disturbance in the uterine muscle fibres and so 
evokes contraction without the intervention of blood plngma. 
It seems probable that Zinsser (1914) and Kopaczewski 
(1923) are justified in describing two reactions, one of which 
is “ humoral,” the other “ cellular.” But the importance 
of the condition of the blood is illustrated by the following 
esperiments : (i.) Hypersensitiveness to protein 
manifested as passive anaphylaxis, is produced when the 
blood of a sensitised animal is transfused into one which has 
not been sensitised, (ii.) A stronger bronchial reaction ia 
produced when the isolated lungs of a sensitised guinea-pig 
are perfused with a mixture of blood and the Ra.TnA protein 
as that used for sensitisation than when the protein is used 
alone (Manwaring and Kusama, 1917). (iii.) The perfusion 
of a sensitised liver with the appropriate protein dissolved 
in blood produces shock, but perfusion with the same Trinil 
of protein dissolved in Locke’s fluid does not cause any 
reaction (R. Weil, 1917). (iv.) It has recently been demon- 
strated that the intravascular injection of heparin inbibifa 
anaphylaotio shook in pigeons (Kyes and Strauser, 1926), 
and it has been mentioned that heparin prevents the onset 
of blood dotting without apparently producing any other 
physiological reaction in the body. 

The use of a native protein, or of a grouping of amino-acids 
which is nearly as complex as protein, seems essential for 
the production of anaphylaxis. Gelatin is, however, inactive 
(Sta^, 1918), as well as racemised proteins (Ten Broeck, 1914). 
Various peptides up to octopeptide are also ineffective (Hanzlik, 
1924). _ IntravMcular injection is the most effective method 
of administration. Mitigated anaphylaotio shook has, however, 
been produced by intradermal injections (Vines, 1920). SiTwilar 
shock-reactions have been described as occurring after the oral 
achninistration of e^-albumin to young guinest-pigs. They semn 
evident from the dinioal observations on young children (Handik, 
1924) and firom the experimental production of alimentaiy 
anaphylaxis (Acloing and Langeron, 1924). 
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Different degrees of anapliylactic shock are exhibited by 
aniniak of different species. In dogs and guinea-pigs the 
reaction is severe and may be accompanied by complete loss 
of the capacity of the blood to clot spontaneously (Arthus, 
1910; Shattuck, 1917). But the changes produced by 
shock in these animals are not identical, the alkalinity of 
the plasma being increased in dogs and decreased in guinea- 
pigs (de Waele, 1924). In rabbits the shook may he less 
severe, and in some animals there is hardly any alteration m 
the stability of the blood. It is noteworthy that de Wade 
(1924) found that in some rabbits the shock is as severe as 
in dogs and that in these animals there is alkalinisation of 
the plasma. The changes in hydrion concentration are not, 
however, sufficient for the prevention of blood clotting. 

Some Eb^lanations of Anaphylaxis 

A general discussion of the many explanations of anaphy- 
laxis is beyond the scope of this work. Some indications of 
the different trends of opinion are, however, necessary for 
estimating the value of current views on the condition of the 
blood during anaphylactic shock. The earlier theories were 
reviewed by Zinsser (1914), and some of the later work by 
Wells (1921). The suggestion that a specific toxin is formed 
gained credence, and interpretations were sought in accord- 
ance with “ Ehrlich’s Side-chain Theory.” Opposed to this 
teaching is the conclusion of Novy and de Kruif (1917) that 
the phenomena of anaphylaxis are not connected with those 
of immunity, except that they both show the response of 
blood to alim substances. 

Several terms have been prematurely introduced to 
designate the “ shock-producing ” poison, such as “ anaphy- 
latoxin,” “ serotoxin,” “ apotoxin,” " proteotoxin,” and 
“ taraxogen,” but not one of these so-called toxins has been 
isolated or demonstrated (R. Weil, 1917 ; HanzHk, 1924). 
There are, however, some observations which suggest the 
occurrence of proteolysis (Pfeiffer, 1916 ; Jobling and 
collaborators, 1915), but the changes were observed in 
serum and were not demonstrated in plasma. The work 
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of Dale (1912-1913) on the sensitised uterus of the guinea- 
pig renders it improbable that the material which stimulates 
anaphylactic contraction in unstriped muscle is a product of 
proteolysis, produced by enzyme-action. It is, however, 
generally recognised that slight disturbance of the equili- 
brium of blood plasma produces toxicity, and it seems 
probable that disturbance of equilibrium within cell proto- 
plasm, if it involves dissociation or regrouping of colloidal 
complexes, may well be the primary cause of the cellular 
reactions. 

The similarity of anaphylactic phenomena to those of histamine 
intorication and the presence of the antecedent of histamine, 
histidine, in every known complete protein suggests that anaphy- 
laxis arises from the liberation of histamine There are, however, 
several differences between histamine-shock and that of anaphy- 
laxis. (1) Histamine fails to desensitise fl.rtimft.1a or tissues, 
yet produces strong reactions in thoroughly desensitised uterine 
muscle (Dale, 1912-1913). (2) Histamine does not produce either 
temperature reactions or alterations in the coagulability of the 
blood, which are usual in anaphylaxis (Wells, 1921). Quinine 
augments the susceptibility of sensitised animals to the protein 
shock, but does not affect intoxication by histamine (M. I. Smith, 
1920). 

Dale and Laidlaw (1918-1919) suggest that the similarity of 
histamine and anaphylactic shock is due to identical physical 
changes being produced in the body cells by both reactions. 
Both Hare (1926) and Lewis (1927) are, however, convinced 
that the liberation of a substance with a histamine-like action 
is a fundamental factor in anaphylactic reactions. The latter 
conclusion apparently applies only to the ** cellular reactions,” 
and not to the changes in plasma. 

Other writers suggest localised action in the nervous 
system. Gay and Southard (1908) maintain that the 
respiratory centre is primarily involved. Pearce and Eisen- 
bray (1919) favour the nerve endings. Lunai^re and 
Enselme (1926) state that anaesthesia of the endovascular 
nerve endings suppresses anaphylactic shock- They con- 
clude that changes in plasma excite nervous reactions, 
which produce shock. Lumi^re and Couturier (1921) regard 
cerebral activity as essential. But Zunz and La Baire 
(1926) found that decerebration and even removal of the 
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bulb does not prevent the changes in the blood which 
characterise anaphylactic shock. From observations on 
n.mnna.lH deprived of the blood supply to various organs, 
Manwaring (1911) concluded that hepatic action is essential 
A ai-milaT conclusion was reached by R. Weil (1917) and has 
been accepted by many writers. Protein shock, without 
sensitisation but in other respects almost indistinguishable 
from anaphylactic shock, can, however, be produced with 
the liver out of the circulation (Nolf, 1921). In a more 
recent paper, Manwaring (1924) assmnes that the capillary 
endothelium is the site of anaphylactic reactions. In dogs 
the hepatic endothelium is the most susceptible and permite 
the rapid passage of foreign protein and of altered blood 
plasma into the liver. New products are formed which 
pass into the blood-stream and attack the endothehum of 
other organs and produce secondary reactions. Difierences 
in the susceptibility of different animals are explained as 
due to variations in the condition of the endothelium. 

Recent investigations on the physical condition of plasma 
during anaphylaxis have led to the conclusion that the 
changes arise from the flocculation of body colloids. Both 
the plasma and body cells are believed to be involved 
(Kopaozewski, 1921, 1923 ; Hanzlik, 1924 ; Blum and 
collaborators, 1924 ; Lumi^re, 1926). Besides flocculatiaa 
of the plasma, changes in its surface tension, in its ionisa- 
tion and in its viscosity have been observed (Kopaczewi^, 
1923 ; Zunz, 1926 ; Milkovitch, 1926 ; Waud, 1927). It 
is not, however, established that these changes suffice for the 
production of anaphylactic shock. They may merety 
indicate other alterations in the plasma, such as colloido- 
clasis which may produce the physiological reactions. 

In many respects the condition of the blood during 
anaphylactic shock resembles that produced by the intra- 
vascular injection of “ peptone.” The shed blood is clotted 
by the passage of OOg, by dilution with water, by acidifica- 
tion (Axthus, 1910) and by the addition of tissue extracts. 
Its capaciiy to clot ultimately is destroyed by passage 
through a Berkefeld filter (Zunz and La Barre, 1925). The 
amount of fibrinogen obtainable from the plasma is com- 
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mooly decreased, but may be sabstautiaUy increased (Zunz, 
1926). A stage of hypercoagulability precedes hypocoagula- 
bUiiy. The capacity of the plasma to agglutinate platelets 
is iucreased and may be evident in vivo. Parallelism of 
behaviour is also apparent in the suppression of anaphy- 
lactic and “ peptone ” shock. The previous intravascular 
injection of hirudin, of sulphate of atropine or of chlorhy- 
drate of choline prevents or mitigates both these reactions 
(Zunz, 1926). An important difference’ is, however, sug- 
gested by the obseirvations of Moldavan and collaborators 
(1923), that blood shed from the carotid artery of the guinea- 
pig during the height of anaphylactic shock may be hyper- 
coagulable, whilst that obtained from the jugular vein is hypo- 
coagulable. lu guinea-pigs, dogs and cats the intravascular 
injection of “ p^tone ” produces hypocoagulabdity in both 
arterial and venous blood. 

Several explanations have been given of the suppression 
of the coagulability of the blood during anaphylaxis. The 
su^estion of Nolf (1911) that it is primarily due to defibrina- 
tion is inconsistent with the finding that the fibrinogen may 
actually be increased (Zunz, 1926). The presence of an 
excess of antithrombiu in the blood of all animala suffering 
from anaphylactic shock is not established. Shattuok 
(1917) could not find any greater amount than can be 
obtained by the disintegration of normal plasma. Working 
with the plasmas of guinea-pigs, rabbits and cats, Bulger 
(1918) found that anaphylactic suppression of coagulability 
is associated with a decrease of antithrombiu, estimated 
by Howell’s method. Usiog the same method, Zunz and 
La Barre (1926, 1) found a marked increase in dog’s plasma 
and concluded t^t this laigely accounts for the loss of 
coagulability. It is improbable that there was any large 
error in the estimations of either of these observers. It 
thus appears probable that the anaphylactic reaction varies 
in animals of different ^eoies and that conclusions deduced 
from phenomena in the dog have only a limited meaning. 
In this connection the explanation offered, in the preceding 
chapter, of the action of “ peptone ” on the dog should be 
considered. 
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la concluding a review of this subject, Zunz and La Bane 
(1925, 1) suggest that the fibrinogen of blood plasma may be 
altered by the introduction of foreign protein mto the blood- 
stream. They base this suggestion on the finding that the 
pre-clot changes in normal blood are reversible (Pickering 
and Hewitt, 1921 ; Kugehnass, 1923), and they cite certain 
observations (by Pickering and Hewitt, 1921, 1922, and 
Pickering and de Souza, 1923) which they suggest may 
imply that the fibrinogen of circulating blood is altered by 
various influences. A similar suggestion, unsupported by 
experimental evidence, was made by Novy and de Kruif 
(1917). Zunz and La Barre also suggest that investigation 
should be directed to ascertaining the condition of fibrinogen 
during anaphylaxis. With this remark I agree, but it seems 
more probable that our observations point either to diffe- 
rences in the stability of the union of fibrinogen with other 
plasma complexes or to differences in the degree of dissocia- 
tion of fibrinogen from plasma. 

It has been mentioned that there are marked differences 
in the stability of the diluted plasmas of animals of different 
species, those of the guinea-pig, the dog and rabbit being less 
resistant to salt-precipitation than are the plasmas of man, 
of the horse and the sheep (see Table n., p. 30). The 
least resistant are the plasmas of the dog and guinea-pig, 
and it is these animals which are very susceptible to anaphy- 
lactic shock. It has also been mentioned that much of the 
prothrombin of normal plasma is tightly bound to fibrinogen 
and so resists the changes which inaugurate clotting ; also 
that a small amount of prothrombin is loosely bound and 
readily generates thrombin. The occurrence of hyper- 
coagulability and of flocculation during the inception of 
anaphylactic shock implies the disturbance and dissociation 
of plasma colloids ; the subsequent hypocoagulability 
shows that an exceptionally stable state of equihbrium has 
been reached. It is possible that the stable condition is 
produced by the loosely bound prothrombin being tem- 
porarily separated from fibrinogen and then im-iti-ng firmly 
with fibrinogen. This suggestion is consistent with the 
presence of an abundance of prothrombin in anaphylactic 
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and with, the almost complete absence of thrombin, 
reaction involving the stabilisation of the fibiinogen- 
piothrombin complex may occur if anticoagulants are 
liberated by autol;^c processes. To test the value of these 
suggestions, attention should be directed to the stability 
of the fibrinogen-prothrombin complex during the hyper- 
qf'n.giilfl.'hlft and hypocoagulable phases of anaphylactic 
shock. 

Sensitisation, Antisensitisation and Desenstfisaikm 

Very little is known of the changes which produce sensi- 
tisation. According to Waud (1927) the blood exhibits 
no departure from normality until the time is reached when 
a second injection provokes an anaphylactic reaction. At 
this juncture the viscosity of the blood is slightly increased. 
Attempts should be made to ascertain if there are any 
mdieations of alteration in the stability of plasma colloids 
during the time between the administration of a sensitising 
dose and the production of hypersensitivity to protein 
shook. An investigation of the resistance of the plasma to 
salt precipitation after dilution mi^t answer this question. 

Antisensitisation, or the production of resistance to sen- 
sitisation, has been described by R. Weil (1913), and may 
be exhibited in several wa 3 rs. If a guinea-pig is given a 
single dose of a serum obtained from a rabbit immunised to 
a partioular protein several days before a sensitising dose 
of that serum is administered, the usual passive sensitisa- 
tion does not occur. Refractoriness to sensitisation may 
also occur when a large sensitising dose is given (Wells, 1921). 
Arnt.Tiftr form of interference with sensitisation is produced 
when the aensitiaing protein is injected together with, or 
even twenty-four hours after, a much larger dose of another 
protein (Lewis, 1916). Antisensitisation has also been 
produced by feeding guinea-pigs on a selected protein diet 
(WeUs, 1911, 1921). It then appears that there is a natural 
defence ageinst alimentary anaphylaxis. If protein nor- 
mally passes unchanged from the alimentary canal into the 
blood-stream, antisensitisation may account for the rarity of 
auto-sensitisation. 
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Animflla wMch haTe just recovered from anaphylactio 
^ook resist intoxioatioii by a furtber injection of the same 
kind of protein. The physiological process producing this 
result is called “ desensiiisation.” The resistance may be 
either complete or partial. After shock has been produced 
by a miTiiTnal amount of protein, the animals stiU react to 
another injection. Desensitisation by anaphylaxis is a 
strictly specific reaction. Por example, if a guinea-pig is 
sensitised to two different kinds of protein and recovers 
from the shock produced by one of them, to which it becomes 
completely resistant, it will still react to the second protein, 
but the reaction is much less severe than when desensitisa- 
tion to the other protein has not been produced. These 
phenomena are so sharply defined that they have been used 
in differentiating blood-stains (Thomsen, 1908-1909), and in 
determining the purity of proteins (Wells, 1921). Desen- 
dtisation can be produced without any severe reaction 
if the desensitising dose is introduced slowly enough, as 
when subcutaneous injection is used. 

These occurrences have been explained from the immuno- 
logical standpoint by postulating exhaustion of antigen 
(Wells, 1921). It seems equally probable that the body 
colloids remain in an exceptionally stable condition for 
some time after the cessation of the more patent maiufesta- 
tions of anaphylaxis and so resist disturbance by the alien 
protein. This suggestion is supported by the fact that 
increased stability of the blood, manifested by hypocoagula- 
bilify without depletion of plasma colloids, may continue for 
a considerable time (one or two hours in rabbits) after the 
animals have apparently recovered from anaphylactic 
shock. 

A wide range of substances prevents or mitigates anaphy- 
lactio shodk when injected into the circulation of sensitised 
a n i mal s just before the provocative dose is given and thus 
behave as desensi(iising agents. Included in the list of 
these bodies are carbonates and bicarbonates (Eopaczewf^ 
and Hoffo, 1920 ; Sicard and Paraf, 1921), oleate of soda 
(Kopaczewski and Yahram, 1919), foreign protein other 
than that used for sensitisation, peptones, trypsin (Wells, 



THE BLOOD IN’ ANAPHYLAXIS 123 

1921), hirudin (Zunz and Van Geertruyden-Bemard, 1926), 
atropine sulphate and chlorhydrate of choline (Zunz, 1926). 
Adrenaline mitigates the bronchial spasm, but may not 
prevent the occurrence of hypocoagulability of the blood. 
Heparin is a desensitising agent when injected into pigeons 
(Kyes and Strauser, 1926), but increases the severity of 
anaphylactic shock in guinea-pigs (Waud, 1927). 

Desensitisation by carbonates or bicarbonates has been 
attributed to the increase in the viscosity of the blood 
which follows the introduction of these salts into the cir- 
culation (Kopaczewski and Roffo, 1920). That produced by 
sodium oleate has been ascribed to the lowering of the surface 
tension of the plasma (Kopaczewski, 1923). It may be added 
that the ability of hirudin to mitigate both anaphylactic and 
“ peptone ” shock is proportional to its capacity to lower the 
surface tension of the blood (Zunz, 1926, 2). But it has not 
been shown that all desensitising agents act similarly. 

Broadly speaking, the phenomena of antisensitisation 
and of desensitisation support the view that the changes 
produced by the provocative dose in anaphylactic shock 
may occur m the blood and that desensitisation may also 
arise from a humoral reaction. The recent experiments of 
Girard and Peyre (1926, 1, 2) point in the same direciuon. 
These investigators found that the intravenous injection 
into rabbits of an approprate amount of eosinate of caesium 
prior to the injection of a sensitising protein mitigates 
or prevents the subsequent production of anaphylaxis. 
Moreover, this substance produces a granular deposit in 
plasma, and so isolates certain colloids which participate in 
the inception of anaphylactic phenomena. 

The difierent results obtained when heparin is injected 
into sensitised pigeons and guinea-pigs, and a provocative 
dose of protein then given require, however, explanation. 
In both guinea-pigs and pigeons heparin first produces 
hypocoagulability of the circulating blood, and later hyper- 
coagulabihty. In the former animals the decreased coagu- 
lability lasts for fifteen to twenty minutes, in the latter 
for thirty to a hundred minutes. It is posEuble that the 
more rapid onset of hypercoagulability in the guinea-pig 
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may account for the failure of heparin to suppress anaphy- 
laxis in these animals. 

Anaphylactoid Phenomena 

EfiEeots closely resembling anaphylactic shock are rapidly 
produced when certam substances are introduced into the 
blood-stream, even when sensitisation has not been pro- 
duced. Foreign protein, when injected intravenously in 
larger amounts than are required for the production of 
shook after sensitisation, produces typical results, and less 
severe reactions may follow intra-peritoneal injections. 
Similar effects are produced by the intravascular injection 
of appropriate amounts of the following bodies : — ^various 
non-nitrogenous colloids (such as agar, tragacanth, peoten, 
gelose and starch), arsphenamine, tissue extracts, proteoses, 
peptones, salts of heavy metals, colloidal metallic prepara- 
tions (iron and coUargol), some coal-tar derivatives, trypano- 
somes, tubercuhn, vaccines, adsorbents and hypertonic 
solutions (Hanzlik, 1924). Antipyrine and quinine will 
produce shock in guinea-pigs, even when administered orally 
(Arloing and collaborators, 1924). Injurious reactions 
associated with definite changes in the physical or chemical 
condition of the blood may also follow the intravenous 
injection of urotropine, sodium iodide and sodium salicylate 
(Hanzlik, 1924), 

Different degrees of susceptibility to anaphylactoid 
shock are exhibited by animals of different species, and the 
effects vary with the dosage and mode of administration. 
According to H an zlik (1924), the coagulability of the blood 
is either unchanged or inhibited, the result depending on the 
nature of the substance employed and on the extent of the 
agglutination and destruction of platelets or on both these 
occurrences. 

The changes that produce these reactions are still obscure. 
Both flocculation and a fall in the surface tension of the 
plasma have been observed (Hanzlik, 1924 ; Zunz, 1925). 
Disturbances in the physical or chemical condition of the 
plasma are thus apparent, and these may well produce 
disintegration of cells and solid tissues. It is noteworthy 
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that changes in the viscosity and surface tension of the 
plasma occur after the iutravenous injection of sodium 
salicylate, when there is hardly any alteration in the 
coagulability of the blood. 

The differences in the conditions governing the suppression 
of blood clotting by the injection of “ peptone ” and tissue 
extracts suggest, however, that more than one sequence of 
events may produce anaphylactoid shook. In the case of 
the shock produced by the intravascular injection of hetero- 
logous blood, there is some indication that changes in the 
blood are involved which are similar to those which initiate 
clotting. Novy and de Eruif (1917) found that if a quantity 
of the blood of a rabbit, up to 3 o.cm. in amount, is injected 
immediately into the circulation of a guinea-pig, it is usually 
harmless, but if the same amount of blood is left in a glass 
syringe for three minutes or longer, and then injected, the 
results produced resemble those occurring in anaphylactic 
shock. It may be added that contact of rabbit’s blood for 
three minutes with glass produces disintegration of platelets 
and converts some of the prothrombin of the plasma into 
thrombin, but does not produce clots. 

Some Practical Applications and Suggestions for Research 

The experimental production of sensitisation and of 
anaphylabtic shook has led to the avoidance of these re- 
actions in serum therapy. But accidents still occur when 
direct sensitisation is not apparent and when the dosage 
does not exceed that commonly used. The individuals 
are hypersensitive to protein shock. In such cases an 
investigation of the physical condition of the plasma by 
the melhods of Kopaczewski (1921, 1923) and the testing 
of its stability by its capacity of resisting salt-precipitation 
after dilnfnnn might provide the information for the avoid- 
ance of the harmful reactions. Similar modes of research 
should also be applied to the investigation of anaphylactoid 
asthma, of urticaria, of “ alimentary anaphylaxis,” and of 
anaphylactoid purpuras. 

The most useful lesson taught by anaphylactoid pheno- 
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•mATi n. is provided by tlie demonstratioD of the danger of 
intrav^oTis injecstion. It shoxild be noted that several 
substanoes which may provoke anaphylactoid effects when 
injected intravenously are stiU administered by this method 
in medical practice, even when beneficial results, without 
shock, follow oral administration. It should also be noted 
that it is not yet possible to predict the physiological re- 
actions following intravascular injection from the chemical 
or physical properties of the substance injected or from the 
results following oral administration. Much valuable work 
has been done by TTauzlik and his collaborators (1919-1924) 
in scheduling medicaments which are unsuitable for use 
intravascularly, but no new substance should be injected 
into the circulation until it has been fully tested on animals 
of di-ffftTATit. species for anaphylactoid reactions. In this 
connection two new facts may be mentioned. In anaes- 
thetised cats and guinea-pigs in which the blood ha>s been 
rendered hypercoagulable (either by the introduction of 
strings into the circulation, or by the mtravasoular injection 
of thrombin), the intravenous injection of an amount of 
rabbit’s serum insufficient to produce anaphylactoid shock 
in normal animals may produce dyspnoea, agglutination of 
blood platelets and hypoooagulability of the blood. Similar, 
but less severe, reactions may follow intradermal injections. 
It appears that hypercoagulability of the blood favours the 
production of anaphylactoid shock, and when this condition 
occurs in man, as in thrombophlebitis and after severe 
operations, serum therapy appears contra-indicated. 

Much discussion has arisen respecting the frequency of 
true anaphylactic reactions in man, and their relationship 
to the hypersensitiveness manifested by cutaneous reactions, 
to some forms of asthma, and to other allergio phenomena. 
In certain acute serum reactions, as in one in which a person 
sufEecmg from “ horse asthma ” dies in a few moments after 
the injection of horse serum, there is no doubt that typical 
anaphylaxis occurs. Passive sensitisation has also been 
observed when the blood of an affected person has been 
transfused into a normal individual (Ramirez, 1919). In 
“ horse asthma ” and kindred conditions the intrademal 
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injection of very minxite amounts of the appropriate protein 
produces a cutaneous reaction. There is then a primd facie 
case showing a relationship in man between cutaneous 
reactions and anaphylaxis, and the relationship of certain 
oases of serum sickness to anaphylaxis appears established, 
particularly by the observations of 0. W. Wells (1916). 
Bovine sera seldom cause serum sickness (Penna, 1918), 
and this may be due either to antisensitisation or to desen- 
sitisation arisiiig from the use of beef as food. 

Desensitisation by appropriate feeding in the treatment 
of food allergy affords another example of the practical 
application of facts disclosed by the investigation of anaphy- 
laxis. The investigation of ‘the effects of a high protdn 
diet on those allergic phenomena which are amRunhifl to 
desensitisation might also provide useful information. 

The resemblance of serum sickness to anaphylaxis is, 
however, often indistinct. Both the general and the 
cutaneous reactions may occur after varying intervals of 
tune, and may immediately follow the first injection. In 
the latter case there is a greater resemblance to anaphy- 
lactoid phenomena than to anaphylactio shook. That 
these two forms of disturbance may react differently to 
desensitising agents appears evident from the observations 
of Karsner and Hanzlik (1920). The bronchial spasm in 
anaphylactoid shock is not controlled by adrenaline or 
atropine, and so differs from that of anaphylactic shock. 
An investigation of the action of non-specific desensitising 
agents in serum sickness might prove of value. 

The condition of blood plasma in many forms of asthma 
which have been classed as “ allergic phenomena ” remains 
almost completely obscure. The observations that the 
symptoms of asthma can be produced by the inhalation of 
p-phenylene-diamin (Gerdon, 1920),togetiierwitiithediversity 
of bodies which produce cutaneous reactions, including non- 
protein substances (Van Leeuwen, 1926), illustrate the 
dubiety of the position. The application of the methods of 
research mentioned earlier in this chapter mi^t, however, 
provide a means of differentiating some alletgie conditions 
which exhibit similar symptoms. 
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Several pathologists have suggest^ that a relationship exists 
between eclampsia and anaphylaxis. Of these writers, Esch 
(1912) and Eranz (1912) claim the presence of ‘‘ anaphylactic 
poisons ” in the serum and urine of eclamptics. The existence 
of such a relationship is, however, opposed by a number of other 
investigators, particularly by Zw^el (1921), whose work suggests 
that eclampsia is not an anaphylactic reaction in which either 
the fcetal or placental proteins participate. A novel hypothesis 
has recently been promulgated by Hynd (1925). Erom an investi- 
gation of the urinary protein in cases diagnosed as eclampsia, 
he suggests that the urinary albumin in that condition is lactal- 
bumin and that certain types of eclampsia are due to an anaphy- 
lactic reaction arismg from the entry of lactalbumin into the 
blood-stream. The absence of eclampsia in most cases where a 
mother does not sucHe her child is explained as due to “ immuni- 
sation,” but either “ antisensitisation ” or ‘‘ desensitisation ” 
might be postulated. Eurther mvestigations are, however, 
required to test the value of these suggestions. 

Recent observations suggest that renewed investigation 
of antisensitisation may throw a new light on the response 
of the body to toxic substances. Animals which have just 
recovered from anaphylactic shock resist intoxication by 
strychnine, the convulsions produced by that drug bemg 
either wholly or partly arrested (Arloing and Langeron, 1924 ; 
Claude and Montassut, 1927). It is also stated that the 
injection of colchicin into guinea-pigs three days before 
sensitisation prevents or mitigates anaphylactic shock, and 
that a similar reaction does not occur when the colchicin 
is injected just before sensitisation (Arloing and Langeron, 
1926). The parallelism of behaviour to the action of 
colchicum in gout can hardly be without significance. 

Addendum. — An important paper on anaphylactoid phenomena 
was published by Hanziik and his collaborators (1928) after this 
chapter was written. Increases are recorded in the albumin 
ratio of plasma which are reciprocal to the globulin alterations 
in surface tension. These writers maintain that the fundamental 
cause of anaphylactoid shock is the disturbance of the physical 
and chemical equilibria between body fluids and cells. They 
point out that their observations are consistent with conclusion 
that haemoclasia or colloidoclasia participates in the disturbances 
of allergic phenomena in general. 



CHAPTER X 

Current Theories of Blood Coagulation 


The conclusions of Wooldridge, Morawitz, Nolf, Bordet, Howell, 

Hekma Mills, and of the present writer. 

Modebn explanations of blood clotting fall into two groups. 
Most investigators maintain that the action of thrombin 
on fibrinogen is the starting point of gel-formation in the 
plasma. But the followers of Wooldridge, particularly Nolf 
and Mills, believe that although thrombin is produced when 
blood clots, it is of secondary importance in that process. 
It is, however, generally admitted that calcium ions are 
essential for the inception of clotting and that active throm- 
bin does not exist in normal circulating blood. The participa- 
tion of bodies liberated by the lysis of blood platelets and of 
tissue cells is also generally accepted. But on almost all 
other questions there are fundamental differences of opinion. 

The h3?p)otheses of Wooldridge and of Morawitz are 
briefly mentioned, although they are now discarded by 
almost all research workers. The former theory provides, 
however, the basis upon which Nolf has built his opinions, 
the latter is still used by pathologists in explaining abnormal 
conditions of blood plasma. 

The Theory of Wooldrifee 

Blood plasma is said to contain all that is necessary for 
its coagulation. Clotting is explained as due to the inter- 
action of two plasma constituents, named A and B fibrinogen, 
which unite to form fibrin. The fibrinogen known in the 
laboratory is stated to he almost absent from the plasma, 
but to be formed from B fibrinogen when blood is shed. 
Thrombin is regarded as a subsidiary reaction-product. 
Blood platelets are described as artefacts, produced by the 
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cooling of plasma. But tissue juices are believed to take 
the place of A fibrinogen in clotting, and the intravascular 
coagulation follo^ring their injection is so explained. Wool- 
dridge attached much importance to the action of crude 
lecithin in clotting and thus foreshadowed the recognition 
of the rSh of phosphatides in coagulation. 

Subsequent research has partly justified these conclusions, 
but it has shown that some of them are erroneous. It 
has established that platelets are actual formed elements of 
the blood, and that clotting without their intervention, 
except during the height of digestion and in certain abnormal 
states, is so slow that the plasma appears incoagulable at 
room temperatures. There is also little doubt that A 
fibrinogen contains the debris of platelets, and that B fibrino- 
gen is a fraction of plasma containing fibrinogen and pro- 
^ombin. 

The Theory of Morawiiz 

According to Morawitz (1904), both fibrinogen and the 
mother-substance of thrombin (thrombogen) exist in plasma. 
When blood is shed the Ij^is of leucocytes and of platelets 
liberates an enzyme (thrombokinase), which with the help 
of calcium ions converts thrombogen into thrombin. The 
latter body, also by enzyme action, alters fibrinogen into 
fibrin. Although the evidence already collated discredits 
the conclusion that enzymes are essential factors in normal 
blood clotting, the possiblity of catalysis m the inception 
of coagulation should not be ignored. Such activity seems 
apparent in the intravascular clotting produced by certain 
snake venoms and contact-catalysis may participate in the 
lysis of plasma complexes and of platelets in shed blood. 

The Theory of Mblf 

I am indebted to Professor Nolf for the following summaiy 
of his conclusions : — 

F. NoU admet, en accord avec une opinion formulae par Wool- 
dridge k propos du plasma des mammiftres, qu’il 41argit, que le 
plasma de tous les vert6br4s contimt en abondance toutes les 
ffobstanoes mtres de la thrombine et de la fibiine. 
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Cette opinion est bas^ snr tm certain nombre de oonstatations 
faites BUT diff4rents plasmas stables, reeueillis purs de toute 
souillure par du sue de tissu et d4barrass6s par une on plusieurs 
centrifugations de tout 614ment figur4. 

1° Le plasma normal des poissons marins reste ind^finiment 
fluide au contact du verre. II se coagule rapidement par Tadjonc- 
tion d’une suspension de verre porphyris6 on par simple dilution 
dans Teau de mer. 

2® Le plasma de peptone (plasma d"un chien ayant regu 0*1 gr. 
de peptone par kilogramme dans une veine) reste inddfiniment 
fluide au contact du verre. II se coagule en quelques minutes, 
si on lui ajoute une petite quantity d’oxalate sodique et son 
Equivalent de oblorure calcique de fagon a provoquer la formation 
d’un prdcipitd colloidal d’oxalate calcique. 

3® Le plasma normal d’oiseau reste indEfiniment fluide au 
contact du verre. On le coagule en quelques minutes, en lui 
mElangeant a TEtat d’Emulsion une petite quantitE de chloro- 
forme (la cinquantiEme partie de son volume). 

Ces faits n’ont jamais EtE mis en doute par personne. 

Vouloir expliquer cettes coagulations en supposant que malgrE 
toutes les prEcautions prises, les plasmas prEcitEs Etaient souillEs 
par des traces de sue de tissu ou qu’ils contenaient un petit 
nombre d’ElEments figurEs du sang, malgrE les centrifugations 
Energiques qu’ils avaient subies, o’est : 

1° faire une h 3 rpothEse gratuite qu’aucun fait prEcis n’a appuyE. 
2® oublier que ces liquides abandonnEs k eux-mEmes restent 
indEfiniment fluides au contact du verre. Or cette fluiditE a 
EtE attribuEe par A. Sebmidt et ses continuateurs ib Tabsence 
d’un ElEment appelE par A. Sebmidt substance z37moplastique 
et que ses continuateurs ont reconnu Etre un lipoide apparentE 
k la lEcithine. Pour eux, ce lipoide est un ElEment indispensable 
a la coagulation. II est absent du plasma normal ; par contre il 
appartient aux ElEments figurEs du sang (leucocytes et plaquettes) 
et en gEnEral aux cellules des tissus. Pour interprEter les 
expEriences relatives aux trois plasmas stables prEcit^, il faut 
en mEme temps supposer que le lipoide est absent de ces liquides, 
puisquils sont spontanEment incoagulables, et prEsent, puisque 
sans ltd il n’y a pas de coagulation possible par la poudre ^ verre 
Tomlate calcique ou le cbloroforme. 

A vrai dire, on pouirait supposer qu’il est prEsent en quantitE 
suffisante pour permettre la coagulation sous rinflaence d’un 
facteur adjuvant et insutdsante pour que la coagulation du plasma 
soit spontanEe. Mais les expEriences suivantes vont directement 
k Fencontre de cette maniEre de voir : Si Ton dEtermine la xichesse 
en tbrombine d’un sErum, en recherebant quelle est la concentra- 
tion limite du sErum qui est encore capable de ooaguler un volume 
dEtexmJnE de solution oxalatEe de fibiinogEiDe« on constate que le 
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s&xmi oomplet du sang d’oiseau est beauooup moins riche en 
thrombine que le s^rum obtenu par la coagulation dn plasma pur 
d’oiseau sous I’lnfluence du chloroforme. Ce r^sultat ne s^acoorde 
pas avec Topniion que la thrombine du sang complet s’est form6e 
par runion d’un 414ment foumi par les leuoocjtes et d’un 616- 
ment foiimi par le plasma. 

On pent d’antre part provoquer la coagu^tion de deux 6chan- 
tillons du meme plasma pur d’oiseau en ajoutant au premier la 
dose optime du Hpoide coagulant et au second du chloroforme en 
6mulsion. On constate que le s6rum du second contient jusque 
cent fois plus de thrombine que le s6rum du premier. P. Nofi a 
conclu de ces faits que le lipoide coagulant n’apporte au plasma 
aucune substance-m6re de la thrombme mais que son r61e est 
analogue k celui du chloroforme : Tun et Tautre facilitent la 
coagulation du plasma, ils exercent tous deux une influence 
thromboplastique. 

Ces exp6riences apportent la preuve non r6fut6e que la plasma 
pur contient toutes les substances-mferes de le thrombine. 

Ce point est essentiel. Aussi longtemps que Taccord ne sera pas 
fait en physiologie sur la question de savoir si le plasma contient 
ou non toutes les substances-mferes de la thrombine et de la 
fibrine, on continuera k discuter k perte de vue sur la nature du 
ph6nom6ne. II est clair que suivant qu*est vraie la th6one 
uniciste (pr6sence dans le plasma de toute les substances-mtres 
de la fibnne et de la thrombme) ou la thdorie dualiste (absence 
du plasma d’une des substances-mferes) tous les problfemes de la 
coagulation : flmditd du sang daiss les vaisseaux, m6canisme de 
la coagulation, etc., se posent diflE6remment. 

Wooldridge admettait que les colloides prot6iques du plasma 
qui prennent part k la coagulation du sang sent deux : le A- 
fibrinogfene et le B-fibrmog6ne. Dans son opinion, la coagulation 
est une r6action entre ces deux substances qui les consomme Tune 
et Fautre. Comme Wooldridge, P. Nolf soutient que la forma- 
tion de la fibrine est due k runion de plusieurs coUoides. Mais 
il 86 86pare de Wooldridge en afOrmant que ces colloides sont 
trois. Le premier, qu’il a obtenu k r6tat de puretd, est le throm- 
bozyme. EUe est Fanalogue de TA-fibrinogtee de Wooldridge. 
Wooldridge avait reconnu que TA-fibrinogfene ooagule le plasma 
de peptone mais ne coagule pas la solution de fibrinog6ne de 
Hammarsten. H en ayait conclu que le fibiinog^ne de PCammar- 
sten est le B-fibiinog&ne d^iatur6 du plasma. L’ensemble des 
faits actuellement conmas tend k f aire croire que le fibrinogfene 
de Hammarsten est un 616ment normal du plasma. Mais ainsi 
que P. Nolf Fa montrd, il est incapable de s’unir k la thrombozyme 
aussi longtemps qu*il est seul an prdsence de cette substance. 
Pour que Funion soit possible, il faut une troisifeme substance 
prot6ique qui existe abondaxmnent dans le plasma, mais n’a 
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pas pu en etre Isolde, le thrombogfene. La formation de la 
fibrine est due h Tunion en un seul complexe de la thrombozyme, 
du thrombogfene et du fibrmog^ne. 

Le E-fibrmogfene de Wooldridge correspond done k un melange 
de thrombogtee et de flbnnogfene de Hammarsten. 

Des trois substances-mferes de la fibrine, le fibrinogine et le 
thrombogene sont produits par le foie. La thrombozyme pro- 
vient des endothelia vasoulaires extra-h6patiq^ues, de leucocytes, 
des ganglions lymphatiques. 

La coagulation 4tant Tunion de la thrombozyme avec deux 
prot^ines h6patiques est grandement infiuencee, comme toutes 
les unions entre coUoides par toute une s4rie de facteurs, comme 
le pEL, Tionisation, les proportions des oolloides actifs en presence, 
Tabondanoe plus ou moins grande de coUoides protecteurs 
(antithrombosine), etc. Un grand nombre de substances solubles 
ou insolubles, comme la poudre de verre, Toxalate calcique 
colloidal, le lipoide coagulant, le chlorofonne, etc., farorisent 
cette union. Ce sont les substances thromboplastiques. 

Quand on traate un plasma de mammiffere par un pr^cipitd 
g^latineux de phosphate tricalcique ou dehydrate d^alumitie, 
on lui enlfeve la plus grande partie de sa thrombozyme, tout en 
lui laissant son fibrmogfene et ses prot^mes h4patiques. Aprfes 
ce traitement, le plasma a perdu la propri6tl de se coaler 
spontan^ment. II pent mSme ^tre faiblement anticoagrfiant. 
Ceci d^montre que la stability d’un plasma est due k la pre- 
dominance de proteines hepatiques sur la thrombozyme. 

D’un plasma k Tautre, les differences de stabUite dependent 
du rapport variable entre la thrombozyme et les proteines 
hepatiques. 

La thrombine prend naissance par Tunion de la thrombozyme 
et du thrombogbne. EUe est une fibrme incomplete qui se 
sature en se combinant au fibrinogbne. 

La thrombozyme est une enzyme proteolytique qui hydrolyse 
les proteines hdpatiques, aprfes les avoir coagul^es. 

The Eroofh^s of Bordet 

Bordet (1920) explains the maintenance of the fluidity 
of oirculating blood as due to the inactivity of the material 
which participates in the formation of thrombin. He believes 
it is stabilised either by a specific antibody or by association 
with protective colloids. Whenever blood is shed upon a 
surface which it wets, contact-action converts the inactive 
substance (proserozyme) into active material (serozyme). 
The latter body unites with the phosphatides of blood 
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platelets and of tissue juices and produces thrombin, which 
in turn unites with fibrinogen and forms fibrin. There is no 
enzyme-action and the combinations occur in varying pro- 
portions, in a similar manner to the unions of toxins and 
antitoxins. 

These conclusions are largely based on the stability of pro- 
thrombm in plasma which has been exposed to adsorption by 
finely divided tricalcium phosphate, and it has recently been 
suggested that the acidity of Bordet’s plasma accounts for its 
stability (Maltaner and collaborators, 1927) It can, however, 
be demonstrated that plasmas which have been deprived of a small 
part of their protein by exposure to animal charcoal retain their 
stability in neutral solution. 

The Theory oi Howell 

Professor Howell has summarised his conclusions as 
follows : — 

“ The central point of Howell’s views on coagulation is that the 
normal fluidity of the blood is maintamed by the presence of an 
inhibitory substance In his early papers (1911), he identified 
this substance with the antithrombin which is faiown to exist 
in blood in small concentrations It is a substance of unknown 
chemical nature analogous in its action to hirudin in that it 
prevents the reaction between fibrinogen and thrombm. Sub- 
sequent work did not tend to support this view of the function 
of the blood antithrombm, particularly in regard to the antagonis- 
tic influence of tissue extracts. In his later papers, Howell (1925- 
1926) gives evidence for the presence in the blood of an inhibitory 
substance of an entirely different nature. This substance, which 
can be obtained most readily from the dog’s liver, is a carbohy- 
drate body, apparently a oompoimd of glycuronic acid, to which 
the name heparin has been given. It is an extremely potent 
anticoagulant In its purified form one milligram will prevent 
the clotting of as much as 100 c.c. of human blood, Ib differs 
in its action from hirudin or blood-antithrombin in that it has 
no effect upon the reaction between fibrinogen and thrombm. 
Its effect in preventing coagulation of blood is due to the fact 
that in some way it prevents or retards the formation of thrombin, 
that is to say, it may be considered to act as an antiprothrombin 
rather than as an antithrombm. In addition to this action it 
has the property, when added to blood or serum, of causiug the 
formation of an increased amount of blood-antithrombin. Howell 
has shown that a substance similar in its properties to heparin 
exists in normal blood, and in much larger quantities in the 
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incoagulable blood of peptonised dogs. He believes, therefore, 
that this substajice is probably formed normally in the liver 
and is given off to the blood m concentrations sufficient to pre- 
vent the conversion of prothrombin to thrombin. When blood 
is shed the thromboplastic material given off by the disintegrating 
platelets in mammalian blood, or by the extravascular tissues, 
serves to neutralise the effect of the heparin and thus permits the 
activation of prothrombin to thrombin. In regard to the nature 
of the thromboplastic substance present in tissue extracts and 
particularly in blood-platelets, Howell has shown that the essential 
constituent is one of the phosphatides, cephalin, which has the 
specific property of initiating the process of coagulation as it 
normally occurs. In all probability cephalin in the tissues is 
combined with protein as a protein-cephalin compound, but the 
isolated cephalin itself has to a marked de^ee the property of 
hastening or initiating the process of clotting. ^ Howell holds, 
therefore, to the traditional view that the chemical process of 
coagulation takes place in two stages : first, the conversion of 
prothrombin to active thrombin ; second, the formation of fibrin 
by a reaction between thrombin and fibrinogen. In addition he 
emphasises a third physico-chemical stage, namely, the gelatinisa- 
tion of the liquid that takes place after the fibrin is formed. 
The activation oiE prothrombin to thrombin may take place 
spontaneously under certain conditions, or it may be effected 
experimentally by a number of different reagents (Cekada, 1926), 
chloroform, alcohol, etc., but in the blood normally this activa- 
tion is induced by calcium salts. In the circulating blood both 
prothrombin and calcium are present. Howell believes that the 
activating effect of the calcium is prevented normally by the 
presence of heparin, but that when thromboplastic substance 
(cephalin) is added in sufficient amounts the inhibitory action 
of the heparin is neutralised, and the calcium then is able to 
convert the prothrombin to thrombin. In regard to the last 
stage of hlooiooagulation, the process of gelalmisaiion, he ^d 
others have shown that fibrin when formed normally is deposited 
as needle-shaped crystals (Howell, 1914, 1916). The solidifica- 
tion of the blood to a jelly is apparently a subsequent reaction, 
the nature of which is not known. In a condensed form the 
theory assumes : (1) That the fluidity of the circulatLog blood is 
maintamed by the presence of an inliibitory substance, heparin, 
which prevents the conversion of prothrombin to thrombin. 
(2) When blood is shed the blood-platelets disinte^ate with the 
liberation of a cephalin compound (thromboplastio substance), 
which neutralises the heparin and thus permits the calcium to 
activate the prothrombm to thrombin. A similar thrombo- 
plastic substance may be furnished by other tissue cells. (3i- 
The thrombin reacts with fibrinogen to form an insoluble fibrin. 
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which is deposited as needles. (4) By a reaction of the fibrm 
with the external phase gelatinisation takes place.” 

The reasons for suspending judgment in the acceptance 
of of some these conclusions have been given in Chapter V. 

The ^Theory of Hekma 

Dr. Hekma expresses his conclusions as follows : — 

Pibrinogen is present in blood plasma. Under the influence 
of hydroxyl ions, it exists in a sol-like condition in the form of 
hydrated mioellse. After dehydration, the micelke of fibrinogen 
become unstable and micellar crystallisation occurs. The 
dehydrated micellse form thread-like needles by automatically 
uniting lengthwise. The needles then join up lengthwise and 
form threacfe and filaments in which the original needles cannot 
be distinguished. A gel is so formed. It is pliant, extensible, 
slightly elastic and hardly viscous. It is soluble m dilute acids, 
in alkalis and in some salts. 

Eibrin is fibrinogen and thrombin united by adsorption. 
Thrombin is a viscous substance with specific qualities — an 
agglutinm. 

When leucocytes and platelets are destroyed, oytocym 
(cytozyme) enters the plasma. It is also probably hberated 
from the cells of the vascular endothelium and from some bacteria. 
Cytocym is an agglutinin. It forms complexes with the albumin of 
plasma which pass into sermn, and may there exhibit agglutinatiTe 
power, but to a smaller extent than the original materi^. Cytocym 
is taken up by acid bodies and may then combine with calcium, 
its viscosity and agglutinative power being increased. 

The fibrinogen-agglutinin adsorption compound exhibits the 
same tendency as fibrinogen to the production of lengthy 
formations, but this is partly counteracted by the viscous pro- 
perty of the agglutinin. The micelke of fibrinogen and the 
micellar crystals can absorb agglutinin when in a hydrated fluid 
condition and when in a dehydrated half-solid condition. In 
the former case, when the conditions are favourable, a gel is 
formed which is composed of hydrated miceUae. In the latter 
case, coagulation is due to the micellss and micellar crystals 
u n iting lengthwise. When the former mode of change predomi- 
nates, fibrin appears as needles or threads. If agglutination is 
more active the fibrin forms irregular masses, analogous to those 
found in bacillary agglutination. Between these extremes, all 
kinds of variations occur. The agglutinin behaves like a cement 
and its action is enhanced by calcium. 

Gels of fibrin are distinguished from gels of fibrinogen by the 
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adsorption of agglntmin and are so rendered extensible, elastic, 
contractile and viscous. The extraction of fibrin gels with water 
removes the agglutinin and the gel loses its viscosity. librin 
gels are reversible when treated with acids or alkahs. Solution 
takes place very slowly, especially when the gel contains calcium. 
By the deprivation of calcium, fibrin gels can be split into 
fibriaogen and agglutinin. For this reason, the solution of 
fibrin gels containing calcium is effected much more readily by 
acids than alkalis. Hence, during solution the agglutinin must 
be more or less completely separated from fibrinogen. By 
employing an appropriate method, such as that of Hammarsten, 
the separation may be ultimately so complete that an almost 
pure and practically stable solution of fibrinogen remains.” 

The work of Hekma confirms and extends the observa- 
tions of Stubel and of Howell on the morphological develop- 
ment of fibrin aggregates. It is consistent with the con- 
clusions that cytozyme unites with a plasma constituent 
and forms thrombin, and that this product when united with 
fibrinogen gives fibrin. But it is difficult to believe that 
the initial act m blood clotting is dehydration, and the 
observations of Howell (1916) show that thrombin and 
fibrinogen can combine under conditions which preclude 
the union of oppositely charged particles. 

The Theory of Mills 

For several years the present writer has advocated that 
the initial change in blood coagulation is the lysis of the 
colloidal complexes of plasma. It wiU be seen that MUs has 
reached a similar conclusion. 

Blood plasma, although containing all the dements necessary 
for thrombiu clottmg (prothrombin, oephalin and calcium), 
retains its fluidity in vivo because of the state in which these clot- 
ting factors are held. There undoubtedly exists a union, pro- 
bably molecular, between the fibrinogen, prothrombin, cephalin 
and antithrombin in the living plasma, each of them bei^ held 
un-ionised, so that their characteristic functions in clotting are 
not present. Thus one cannot activate the prothrombin of 
unchanged plasma, nor can one demonstrate an antithrombio 
activity, but as soon as clotting has been initiated and the mole- 
cular complex of the plasma d^rupted, then both factors display 
their true characteristics. 

To clot plasma alone, then, one must introduce some dis- 
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turbing, or ionisixig, force wMch "will disrupt the molecular com- 
pieces. Glass, dust, feathers, metals, etc., are such forces com- 
monly used in laboratory experiment, but we may also mclude 
low concentrations of urea, formaldehyde, distilled water, etc. 
As soon as the dissociation has taken place, then the prothrombm, 
cephalm and calcium react to produce thrombin, the thrombin 
most likely being ^oihroinbin-Ca-cepJutliTi with an isolectric 
point to the alkalme side of neutrahty. The combination of the 
thrombin (+) with the fibrinogen (— ) is direct and rapid. 

Physiologically, with the clotting of blood in wounds, or 
in contact with any injured tissue, we do not have to rely on the 
above dissociating forces to initiate the process. There exists 
in all tissue cells a protein-cephalin compound, tissue fibrinogen, 
which has the property of rapid union with blood fibrinogen 
through calcium. Eibrin formation of this type is entirely 
independent of add from all thrombin factors, taking place as 
well in their entire absence as in their presence. This agent, 
then, is the natural tissue accelerator of blood clotting, fortifying 
our defence against loss of blood by being placed in greatest 
amounts where loss of blood would be most harmful, ^.e., the 
lungs, brain, kidneys, skin and especially in the blood vessel 
endothelium itself. 

It is this tissue agent, then, that begins the dissociation 
of the plasma complex by removing some of the fibrinogen as 
fibrin. With the fi^t fibrin formation of this type, some of the 
thrombin elements are set free, and from there on the two types 
of clotting are carried on together. However, since the ratio of 
prothrombin and cephahn to fibrinogen is not 1 : 1, but more 
nearly 4 : 1, the removal of one molecule of fibrinogen by the 
tissue fibrinogen thus liberates four molecules of thrombin which 
in turn join the tissue fibrinogen m removing further fibrmogen. 
This excess of prothrombin and oephalin over fibrinogen leads 
to the final fibrin being mainly thrombin fibrin, although that 
first formed is purely tissue fibrinogen fibrin. Thus we see the 
tissue factor to be important and essential as a rapid initiator 
of the clotting process, but the thrombin mechanism to serve 
as the main clotting force once the process has started. This is 
well illustrated in haemophilia, where the tissue fibrinogen clotting 
is quite normal, but the support from the thrombin side is lacking, 
and very deficient clotting results. In most oases of haemor- 
rhages, clinically, the thrombin factors are normal in amount, 
so that the use of tissue fibrinogen to quicken the starting of the 
process is logical and practically effective 

The woimded tissues, in addition to supplying tissue fibrinogen 
as an initiator, supply much free cephahn to act as an accelerator 
of the thrombhi production. They, in that way, strengthen 
both types of clottmg. 
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In addition to the above phases of the clotting process, 
where the fibrin formation is considered, there exists another 
almost as important phase, namely, the recovery process. T^en 
blood has clotted, that is, when aU the fibrinogen has been trans- 
formed into fibrin, there is left free about three-quarters of the 
total thrombin formed. The fate of this reactive and unstable 
thrombin is the final phase of the process. 

The antithrombin present in plasma combined, but free in 
serum, acts as the stabilising agent in this recovery phase. As 
serum ages, the thrombin steadily declines in amount, being 
over 90 per cent, gone usually within an hour at room temperature. 
This disappearance is brought about in two ways by the anti- 
thrombin. The power of the antithrombin lies in its cephalin 
combining ability. It takes up some of the thrombm directly, 
through union with its cephalm, and in a second way by con- 
stantly taking up any free cephalin from the serum. Since 
thrombin is unstable and is constantly dissociating off cephahn, 
the antithrombin, by taking up this cephalin, acts to disintegrate 
the thrombm and to regenerate prothrombin. The recovery 
phase, then, sees a partial restoration of the prothrombm and 
a rapid disappearance of the unstable, active thrombin. An 
interesting point regarding haemophilia, agam, is that no pro- 
thrombin regeneration occurs in such serum, the entire thrombm 
molecule seeming to be taken up by the antithrombin. 

It must be understood that the antithrombin acts in the 
clotting process only as a stabilisiag agent in the recovery phase, 
and takes little or no part in maintaining the fluidity of the 
circulating blood. The stability of the plasma in vivo is due 
to the lack of dissociation of the clotting factors.” 

The Condusions of the Present Writer 

There is a fundamental difference between most theories 
of the fluidity and clotting of blood and that now advocated. 
Instead of assuming that unshed plasma is a mixture of 
different colloids, it is regarded as a co-ordinated complex in 
which the less stable fractions (prothrombin and fibrinogen) 
are united to the more stable fractions (serum globulin and 
albumin), and are thus shielded from the disruptive action 
of calcium ions, which is essential for the inception of blood 
clotting. 

Ptotection is so afforded against dissolution by small 
amounts of disturbants, such as are liberated by the natural 
lysis of blood platelets or may invade the blood-stream when 
tissue juices are absorbed from wounds. 
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The complex of plasma colloids possesses only a limited 
capacity of resisting distorbance. It disintegrates when 
shed upon any surfaces which it wets and when massive 
amounts of tissue extracts are rapidly injected into the 
circulation. By this lysis a complex in equilibrium is 
replaced by bodies which are susceptible to rapid change. 
This process is, however, reversible, provided it has not 
proceeded too far. The formation of reversible gels in the 
inception of clotting and the development of toxicity in 
shed plasma prior to its coagulation are thus intelligible. 

Many of the difficulties in interpreting blood clotting 
have arisen from the assumption that all the known facts 
can be explained by reference to a single process. There 
are, however, at least three modes of change whereby 
plasma, after its disruption, can be converted from a sol 
to a gel. These may be briefly described and illustrated 
as follows : — 

(1) Gels can be produced by the interaction of plasma 
constituents without the intervention of any other material. 
This can be demonstrated when bird’s plasma, which has been 
deprived of all formed elements prior to their lysis, is shaken 
in a sealed tube for half an hoiu. 

Similar gel formation in deplateletised mammalian blood 
has already been described and occurs when the blood is 
obtained either at the height of digestion or from persons 
exhibiting extreme thrombocytopenia. But the gels formed 
by the interaction of plasma constituents are irretractile, 
and when seen under the ulixamicroscope show hardly any 
indication of a quasi-erystalline structure. They thus diffa: 
from those formed when the debris, of either blood platelets 
or of cells, participates in clotting. 

(2) Blood platelets rapidly disintegrate whenever blood 
is shed. Their dSnis contains protein-phosphatide com- 
plexes which flocculate the plasma and assist in the lysis 
of its complexes, and then participate in the formation of 
thrombin, which in turn reacts with fibrinogen and produces 
a gel. Those tissue juices which contain protein-phos- 
pholipin complexes react similarly with plasma. La both 
oases the gels exhibit a quasi-crystalline structure. 
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(3) Ti^^ie juices unite in varying proportions with the 
fibrinogen of plasma and produce gels of a similar structure. 

So far we are on sure ground, but despite nearly a century 
of research the precise details of these processes are still 
partly a matter of conjecture. The hypothesis of Nolf pro- 
vides a coherent explanation of clotting without the inter- 
vention of extra-plasmatic substances, but I am not con- 
vinced that thrombin is unsaturated fibrin, and it is not 
proven that the gels formed are of the same material as the 
fibrin of normal blood clots. It is also possible that “ throm- 
bozyme ” is actually a body of extra-plasmatic origin, and is 
derived from the natural lysis of the formed elements of the 
blood. 

In broad outline, the later developments of the second 
mode of clotting may be described as follows : — 

Part of the prothrombin of plasma is firmly bound, but a 
fraction is loosely bound. The latter portion unites with 
the protein-phospholipin complexes of disintegrated plate- 
lets and so forms thrombin, but it is possible that a thrombin 
is produced by the action of calcium ions alone on pro- 
thrombin. In view, however, of the ease and rapidity of 
the reunion of fractions of protein-phospholipin complexes, 
it appears probable that natural thrombin always contains a 
phosphatide. It seems established that the active phos- 
phatide is either cephalin or a body closely allied to cephalm. 

Thrombin rapidly unites with fibrinogen, and this 
reaction releases the firmly bound prothrombin, which in 
turn reacts with the dSms of platelets and of cells fo rming 
thrombin. A progressive increase in the speed of blood 
clotting is thus produced, which simulates enzyme-action. 
Besides these reactions, thrombin by its adhesiveness 
unites micellae and larger aggregates of fibrin in the manners 
described by Stiibel and by Howell. This aotion resembles 
agglutination, but is not identical with that process. Diffe- 
rences in potential between the particles of fibrin and the 
fluid medium may contribute to these changes. 

The modes of union of complexes in the formation of 
thrombin and of fibrin qxb not yet fully explained. Attach- 
ments by secondary bindings and by mutual salt formation, 
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in the manner suggested by Seirensen in explanation of the 
properties of complexes of globulin, together with accessory 
unions of oppositely charged particles, probably occur. 

In the normal clotting of blood in wounds, the second 
and third modes of gel formation apparently take place 
simultaneously ; in the later stages of clotting, and when the 
formation of thrombin is delayed, there is probably also 
direct union of the disassociated fractions of plasma. 

In short, I accept the principal observations recorded 
in the last twenty-five years, but hold that the current 
theories are inadequate owing to their authors basing their 
conclusions on their own observations without giving suffi- 
cient attention to the experiments of others. 

If the views just advocated fairly represent the truth, 
a simpler conception of the behaviour of circulating blood 
follows. Instead of postulating a large number of bodies 
reacting in unknown ways, the plasma is seen as a unit 
capable of easily reacting with foreign substances by its 
unsatisfied side-chains, but returning to a normal condition 
when the foreign material has been eliminated. 



CHAPTER XI 

The Arrest of Hsemorrlu^ 

The utilisation of natural processes in the arrest of bleeding — 
The transfusion and subcutaneous injection of blood — ^The recogni- 
tion of abnormal bleeders — ^The efficacy and standardisation of 
coagulant hsemostatios — ^The action of X-rays in the arrest of 
hssmorrhage — Heliotherapy, vitamin deficiency and hsemorrhage — 
The risks ansing from the use of transfusion and hsemostatics. 

Apaet from surgical treatment, which is outside the scope 
of this work, modem methods of arresting hsemorrhage are 
based on the utilisation and augmentation of the natural 
processes which limit bleeding. 

The first natural defence against bleeding is the narrowing 
of the arteries and veins produced by wounding. The 
retraction and contraction of the wounded parts by sever- 
ance of elastic tissues is rapidly followed by a reflex con- 
striction of the arterioles, hut these beneficial effects are 
partly counteracted by dilatation of the capillaries, which 
causes oozing. Increased vasoconstiiotion is the principal 
physiological reaction in the treatment of haemorrhage by 
the application of heat or of cold, as in the use of an ice- 
pack, also in the use of adrenaline and of some astringents. 
In most haemorrhagio disorders, including haemophilic 
states, the retractile and vasomotor mechanisms are not 
unpaired. These modes of treatment are, therefore, useful 
in such cases for first-aid purposes, but are usually valueless 
for the complete arrest of bleeding. The combined local 
use of adrenaline and of those haemostatics that increase the 
coagulability of the blood seems, however, worthy of trial, 
particularly in epistaxis associated with impaired coagula- 
bility of iiie blood. The local application of a mixture of 
adrenaline and thromboplastin arrests oozing from the 
wounds of anaesthetised animals, when these preparations, 
Pised separatdy, are ineffective. 
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The second natural defence against bleeding is the agglu- 
tination of blood platelets in the orifices of broken capillaries 
and small arterioles. The platelets plug the vessels and 
so partially arrest bleeding. Those that escape rapidly 
disintegrate and liberate important participants in blood 
clotting, also material that promotes vasoconstriction 
(Stewart, 1914). There is then a physiological basis for 
the use of the ddbria of blood platelets in the arrest of 
haemorrhage, as pointed out by Bordet and Delange (1913), 
and by Fonio (1913). The vasoconstrictor action is lost, 
however, in preparations which have been kept for several 

''^esks. . 

The third most important defence is the coagulation 
of blood in wounds. Both thrombin and tissue coagulants 
participate in this reaction, and extracts of one or other 
of matrf-irialH form the basis of most of the newer hasmo- 
statics. The action of surfaces wetted by blood is also 
important, since they promote the formation of clots and 
of coagulants. The efdcacy of bandages in the complete 
arrest of bleeding in normal persons is largely due to such 
action, as the compression applied is usually insufficient for 
the prevention of the escape of blood from broken capillaries. 
For this reason, bandages do not prevent the oozing of blood 
that is markedly deficient in coagulability- 

The value of several of the hsemostatics extracted from 
blood and tissues has been denied (Hanzlik, 1918, 1, 2 ; 1919— 
1920), but it will be shown that these preparations efiectivefy 
coagulate normal blood. Several factors, however, may 
modify their efficacy. For the permanent arrest of hsem^ 
rhage the wounded surface must be completely covered with 
fibrin. A temporary cessation of bleeding follows dotting 
in tiie orifices of broken blood vessels, but if the clots ate 
disturbed blftf^iug recurs. This has long been recognised 
in the practice of keeping a bleeding limb at rest, but is 
neglected when styptics are applied either by irrigation 
or on swabs. The most effective metiiod of using a hsemo- 
static locally is to apply a bandage soaked in the coagulant. 

An important ohaxacteristio of shed blood is that the 
optimum temperature for its dotting is Qlose to that of 
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the body (Dale and Laidla^v, 1911 ; Pickering and de Souza, 
1923 ; Gibbs, 1924-6). This property of blood plasma pro- 
vides a natural defence against internal hsemorrhage. The 
value of hot water as a styptic is due not only to its vaso- 
constrictor action, but to the provision of a temperature 
more favourable for blood clotting than that of an exposed 
wound. In like manner, the hot douches used in post- 
partum haemorrhages not only constrict the arterioles, but 
also hasten the coagulation of the escaping blood. More 
attention than is usual should be given to the use of heat 
for the control of accessible bleeding, particularly in epi- 
staxis and in prolonged haemorrhage from the socket of an 
extracted tooth. The insertion of a moist plug heated to 
40°-42°C. will often stop bleeding when plugs at room 
temperature fail. The slow impact of a stream of air, 
similarly heated, on oozing surfaces is often more efficacious 
than a stream of hot water, as the inhibitory effect of 
dilution on clotting is avoided and the clots formed are not 
washed away. When a considerable amount of blood is 
escaping from damaged arterioles the use of hot air should 
immediately be followed by the application of a moist 
bandage heated to 42° C. If bleeding continues, a bandage 
soaked in one of the thromboplastins mentioned in Table IV. 
(p. 153) should be applied tightly at body temperature, 
and the heat maintained by a pack of hot, sterilised plasti- 
cine or similar pliant material. An outside bandage of 
asbestos cloth prevents cooling by radiation. The same 
table shows that several other haemostatics are much more 
effective at 37° 0. than at room temperature. 

Tn certain cases that connect normal and hsemorrhagio 
states, one or both of two defects in the coagulability of 
the blood may exist, viz., the blood may clot more slowly 
than is usual at room temperatures (speeds vaiying from 
ten to eighteen minutes at 16° C. occur) and the clots formed 
may be so loose in texture that blood oozes through them. 
Such bloods often clot promptly and firmly at 40°-42° 0., 
without the administration of any haemostatic, and this fact 
may be utilised therapeutically when the bleeding is acces- 
sible. A condition occurs in some oases that exhibit 
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all the clinical chaxactmstics of hsemophilia and may be 
treated similarly (Pickering and Gladstone, 1925, 1). 

The fourth drfenoe ia the increased coagulability of 
the blood caused by severe and prolonged bleeding. This is 
probably due to the passage of tissue juices into the blood- 
stream and the consequent decrease in the stability of the 
blood plasma. The alpparently spontaneous cessation of 
severe internal bleeding -which sometimes occurs may be due 
to these causes. A marked increase of the coagulability of 
the blood follows the internal administration of extracts 
of natural coagulants and of other disturbants of blood 
plasma. Great care is necessary, however, in the selection 
of such bodies. Only those preparations which do not 
contain intravascular coagulants should be given intra- 
venously, and then only when the haemorrhage is so severe 
that there is not suficient -time for the use of subcutaneous 
or intramuscular injections. 

Examples of the treatment of haemorrhage by direct 
action on circulating blood are afforded by the use of intra- 
venous injections of coagulen (Ciba) in cases of extreme 
urgency, by the intravenous or intramuscular injection 
of sodium citrate (Neuhoff and Edrschfeld, 1922), by the 
subcutaneous injection of fibrogen (Mills and collaborators, 
1923 ; Mills, 1924, 1926) ; also by the similar use of 
hemoplastin, coagulen (CSba) and thromboplastin-hypodermio 
(Squibb). The beneficial effects following the oral adminis- 
tration of crude oephaJin (Howell, 1916-1917 ; Hanzlik and 
Weidenthal, 1919-1920, 2) and of fibrogen (Mills, 1923, 1926), 
which contains oephalin, axe probably due to the passiog 
of the phosphatide from the stomach into the circulation 
and to its direct action on blood plamna. Further trials 
of this treatment appear desirable on account of its safety. 

The coagulability of the blood is increased during mild 
anaphylaxis (Widal, 1908). This may occur when the 
rei^onse to sensitisation is no greater than is indicated 
by a cutaneous reaction. These facts have been utilised 
in -^e treatment of obstinate and inaccessible haemorrhages, 
particularly those of haemophilia, by serial injections of 
horse serum (Emile-Weil, 1919 ; Vines, 1920 ; MUs, 1926). 
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Successful results have also been claimed and corroborated 
in the treatment of various hsemorrhagic disorders by the 
production of passive anaphylaxis, sensitised rabbit’s 
serum (the serum anth6ma) being used (Dufour and Le Gras, 
1914; Dufour and Le Hello, 1921). These reactions are 
sharply dejBbued and appear to be worthy of greater attention 
than they have received in this country. 

Serial injections of “ peptone ” have been successfully 
used in the amelioration of hsemopMlia (Nolf and Herry, 
1910; Nob6court and Tixier, 1910; Nolf, 1912). The 
action of small amounts of peptone ” in provoking hyper- 
coagulability of the blood is, however, more akm to anaphy- 
lactoid reactions than to anaphylactic shock (Wells, 1921). 

It is stated that fibrinogen obtained from the oxalated 
blood of normal persons, when deprived of prothrombin 
and cytozyme by adsorption with tricalcium phosphate, 
provides a valuable haemostatic in haemophilia. The intra- 
vascular injection of 20 o.cm. is said to induce a normal ^eed 
of blood clotting, which lasts for forty-eight hours, and so 
permits operations to be performed without excessive 
bleeding (BVank and Hartmann, 1927.) It seems probable 
that the exposure of fibrinogen to adsorbents alters its 
condition so that it behaves like a foreign protein. If 
this occurs, the reaction in vivo is comparable to the pro- 
duction of hypercoagulability of the blood by slight anaphy- 
lactoid shock. 

It has been suggested that the shock of wounding causes the 
secretion of adrenaline into the blood-stream, and that the 
resultant vasoconstriction provides a defence against bleeding. 
Furthermore, it is stated, by Cannon and his collaborators (1914, 
1, 2) that either stimulation of the splanchnic neives or the 
intravenous injection of adrenahne shortens the clotting time of 
blood. The existence of adrenaline in the general circ^tion is 
disputed, however, in numerous papers by Stewart and RogofE 
(1917-1921), whilst Qley (1921) summarised his work on this sub- 
ject by stating that adrenaliue, in its passage from the suprarenal 
vein to the heart, is either desiroyed, or so diluted that it becomes 
inactive. A simfiar conclusion was reached by Zunz and Govaerts 
(1922). Reviewing this controversy, Sharpey-Schafer (1924) 
states, however, that despite many assertions to the contrary, 
there appears little doubt that a discharge of adrenaline may. 
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TXtider some ciicumstarLces, occur in sufficient amount to produce 
some of the s 3 rmptoms caused by the intravenous injection of the 
autocoid. The present witer found that the intravenous 
injection of sufficient adrenaline -to produce well marked vaso- 
constriction in anaesthetised cats caused a 15—20 per cent 
decrease of the clotting time of the blood shed immediately after 
the injection, but blood shed five minutes later clotted no faster 
than that shed before the injection. More recently, Hhayama 
(1925) found that both small doses of adrenaline (0 001 mg. per 
kilo) and large doses (0-05-0-10 mg.) retard the coagulation of 
blood, whilst medium doses (O’Ol-O 03 mg.) quicken that change. 
It appears that such small amounts of adrenaline as may be 
secreted during shook are insufficient to modify the course of any 
profuse haemorrhage. 

The action of adrenahne is not cumulative. This fact has 
been utilised therapeutically in the continuous injection of very 
weak solutions of the autocoid, which produces vasoconstriction 
without a marked general rise of blood pressure and so checks 
bleeding. 

Death from cardiac failure arising from intravascular clotting 
is described by Elliot (1905) as f oUowmg the intracardiac injection 
of massive doses of adrenaline in the dog. Dale (1906) noted 
that any quantity of adrenaline can be injected after the intra- 
vascular injection of appropriate amounts of ergot without pro- 
ducing these effects. Ji Elliot’s observations are correct, the 
clotting must be dependent upon some action which ergot annuls. 

A novel view of the natural defence against bleeding is advo- 
cated by Stegemann (1924). He maintains that hsemorrhage is 
controlled primarily by an autonomous side-trackmg of the blood- 
stream, which diverts the blood from the site of bleeding. Be 
this as it may, both experimental and clinical experience show 
that if the coagulability of the blood is markedly impaired, any 
extensive wound may result in fatal hsemorrhage. 

The Arrest o£ Hsemozrhage by tiie Transfusion and SnbcaianeoQS 
Injection of Blood 

Transfused blood from a donor of the same blood group 
is, perhaps, the most valuable haemostatic when bleeding is 
severe and there is “wound shock.” It serves the dual 
purpose of replacing lost blood and of increasing the speed 
of blood clotting, even when there is suppressed coagula- 
bility. A recent review and an extensive bibKography 
of this subject has been published by Doan (1927). Attention 
is also directed to the work of Pauohet and Beoart (192i), 
of E. Weil and Ischwall (1926) and olMorawitz (1926, 2). 
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In hsemopbilia the improvement is only temporary, 
but may be bf sufficient duration to permit of an urgent 
operation. For example, Minot and Lee (1916) faransfused 
600 c.cm. of compatible blood into a hsemophilio vdth a blood 
ot)fl .gn1fl. tif>n time of 150 minutes. The immediate result 
was a normal clotting time. Three days later there was a 
reversion to a hsemophilic state, the clotting time being 
60 minutes. Even small amoimts of transfused blood naay 
rapidly arrest haemophilio haemorrhages (Bemheim, 1917). 
Other records of this treatment aie found in the papers of 
Fa.lin (1910), Unger (1917), Bulger (1920) andFiessly (1926). 

Increased coagulability of the blood follows the trans- 
fusion of relatively small amounts (10-100 c.cm.) of the 
titrated blood of normal persons into haemophilics. Suc- 
cessful results have accrued from this treatment whrai 
other haemostatics have failed (Fiessly, 1924, 1 ; 1925), but 
the injection of sodium citrate alone appears almost ineffec- 
tive (Christie and Gulland, 1927). 

The transfusion of a considerable amount of blood arrests 
haemorrhage of the new-born. A bibliography of successful 
cases is given by vonReuss (1921). 

Blood transfusion has hardly any permanent effect in 
purpura haemorrhagica (Unger, 1919 ; Doan, 1927), but 
may be used as a temporary measure until splenectomy 
can be performed (Whipple, 1926). It has, however, been 
used with advantage in conditions that exhibit the chat- 
of both haemophilia and purpura haemorrhagica 
(Bnoile-Weil and IschwaJl, 1926). 

Subcutaneous injections of compatible blood have also 
been employed successfully in haemorrhage of the new-bom 
(Schloss and Commissi^, 1911 ; Munro and Eustis, 1922). 
This treatment is said, by Cruickshank (1924) to be practi- 
cally specific if the infant is not too severely ex-sanguinated 
and if its blood exhibits a prolonged clotting-time. From 
10-20 c.cm. of blood are injected in the midscapular line. 
Injections of titrated blood from a suitable donor may be 
substituted for whole blood (Berghausen, 1918) and when 
bltwliTig is severe axe employed intravenously (Gruick- 
1924). A more general use <ff subcutaneous injections 
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of whole blood is advocated by Sicard (1922), who employs 
in adults the patient’s own blood instead of that of a donor. 
Prom 100-200 c,cm. of blood are obtained by venepuncture, 
are collected in a vessel coated with sterilised paraffin wax, 
and then injected into two or three regions of the body. 
Success is claimed in the arrest of surgical hsemorrhage and 
that arising from fibromata, haemorrhoids, haemophilia and 
from the administration of the organic compounds of arsenic, 
such as arsenobenzols. 

The mechanisms of these reactions are obscure, but pre- 
clot changes occur when blood is shed upon a paraffined 
surface (Novy and de Kruif, 1917) and the anticoagulant 
action of citrates on circulating blood is rapidly followed by 
a decrease in the stability of plasma complexes and con- 
sequently by hypercoagulability (Pickering and Hewitt, 
1925). 

The Becognition of Abnormal Bleeders 

Excessive bleeding sometimes occurs after an operation, 
when neither the family history nor superficial appearances 
give indications of haemorrhagic tendencies. Except in 
certain conditions mentioned below, a haemorrhagic state 
may be recognised by observing the speed and mode of 
clotting of a few drops of the individuars blood, obtained 
by venepuncture in a watch-glass at a temperature of 16®- 
17° C. Under these conditions, the blood of normal persons 
clots in 6 to 8 minutes, and the clots formed adhere to the 
watch-glass, so that it can be inverted without spilling. If 
the clotting time exceeds ten minutes, or if the clots formed 
are loose and 'do not adhere to the watch-glass, a haemor- 
rhagic tendency is indicated. Careful attention should be 
given to the appearance of the clots, as a normal clotting 
time at room temperature may be associated with the 
formation of loose non-adherent clots and obstinate bleeding 
from even small wounds. Purthermore, the blood of some 
profuse bleeders may clot in fractions, whereas normal blood 
clots completely in a minute after the commencement of 
coagulation is visible. Similar indications are not usually 
apparent when the clotting time is observed at body tempera- 
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ture, in tubes of small calibre, ox in filiria of blood. Most 
ooagulimeters are not suitable, therefore, for this purpose. 

This technique does not reveal the presence of purpuric 
tendencies, which may, however, be irecognised by the 
characteristics mentioned in Chapter XTV. The writer 
has not had the opportunity of sufficiently testing its value 
in the recognition of melsena neonatorum, of the haemor- 
rhagic states arising during sepsis and those following the 
administration of the arsenobenzols. Gruickshank (1924) 
emphasises, however, the Importance of ascertaining the 
speed of blood coagulation in hsemoirhage of the new bom 
as a means of distinguishing bleediog arising from con- 
gestion from that produced by changes in blood plasma. 

The Efflcacjr and Standardisation of Coagulant Hsemostatics 

A summary of the earlier methods of testing the efficacy 
of coagulant haemostatics has been given in a recent paper 
by Kckering and Hemingway (1926, 1). In all these 
methods, the conditions imposed differ radically from those 
existing in blood escaping from wounds. It is not surprising, 
therefore, that the results obtained by different observers 
are contradictory, the same preparations being described 
by some as active, and by others as inactive, whilst the 
clinical evidence is frequently at variance with that deduced 
from experiments (cf. Hanzlik, 1918-1919 ; Hanzlik and 
WeidenthaJ, 1919-1920, with Hamilton, 1920, and Mills, 
1921). 

The essential conditions for the accurate standardisation 
of coagulant haemostatics may be summarised as follows : — 

(1) No substance (other than the haemostatic) which acts 
either chemically or physically on blood should be presmt. 

(2) No substance should be removed from the blood. (3) 
The blood should be uncontaminated by tissue juices. (4) 
The blood should remain fluid sufficiently long to obsrave 
the effect of the haemostatic. It is claimed that the following 
technique satisfies these conditions : 

In the standardisation of the local action of haiiaostatios, 
10-12 c.cm. of blood is shed from an artery of an anaesthetised 
animal through a paraffined cannula into a paraffined vessel. 
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By means of paraffined pipettes, 1 c.cm. of blood is immediately 
transferred to each of a series of paraffined vessels containiog 
0*26 c.cm. of the hsemostatic to be tested in the dilutions required. 
Isotonic NaCl is used as a diluent. The speeds of clottmg are 
then observed at 17® 0., and at 37*6® C. The efficacy of hsemo- 
statics when administered internally is tested as follows 
1 c.cm. of blood is shed through a paraffibied cannula and is used 
as a “control.*’ The haemostatic is then administered and after 
an appropriate mterval, 1 c.cm. of blood is shed from another 
artery into another paraffined vessel. The time of the completion 
of clotting (f.e., the formation of a complete gel) is then observed 
at 17® C. and at 37-5® C. Several bleedmgs from the same 
animal should be avoided, as they induce hypercoagulability 
(Pickering and Hemingway, 1926, 1). 

The results obtained by these methods are summarised 
in the following tables. The blood of oats was used, as it 
reacts more constantly to coagulants than that of dogs or 
rabbits. These data are based on 400 experiments. 

Similar results are obtainable when human blood, with- 
drawn by venepuncture, is used. It seems established that 
the haemostatics named are efficient coagulants. The older 
styptics, such as ferric chloride, alum and lead acetate, are 
unsatisfactory. The precipitates and clots formed by their 
addition to shed blood are loose and non-adherent. 

Experiments with normal blood do not establish the 
efficacy of a hsemostatic when the blood plasma is abnormal. 
Preparations which are active in normal conditions may be 
inactive in hsemorrhagic states. Thus, Kessly (1924, 1) 
found that severe haemophilia was not ameliorated by the 
use of coagulen (Ciba), hemoplastin and pituit&ry extract. 
There is, however, a considerable amount of medical testi- 
mony affirming the value of the newer haemostatics in 
haemorrhages of widely different origins. A synopsis of the 
principal haemostatics, with references to the experimental 
and clinical evidence of their value in haemorrhagic dis- 
orders, is given in the Appendix A. 

The Action of X-rays in the Arrest of Haenionhase 

It is established that the coagulability of the blood is 
markedly increased after exposure of the splenic area to 



TABiiB IV . — Showing the Time of Completion of Clotting after the Addition of 0‘25 c cm. 
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X-rays (Gramegna, 1906 ; Stephan, 1920, and later observers). 
This condition may continue for several hours after tiie 
cessation of irradiation and has been utilised in the treatment 
of inaccessible haemorrhages and of purpura haemorrhagica. 

Several investigators, notably Saehlof (1921), have shown 
that hypercoagulability of the blood is produced by the 
irradiation of other ojgans, such as the kidneys, the liver, the 
ovaries and the intestines . It has also been demonstrated that 
a mTTn'1n,r effect follows the irradiation of blood, isolated in the 
jugular vein by means of ligatures (Fiessly, 1921). _ Ol^es 
in the relationship of the plasma and corpuscles are indicated 
by the crenation and slight lysis of eryrthrocytes which are 
produced by the severe irradiation of human blood m vitro 
(Pickering and C ollins , 1923). 

Several explanations have been offered of the hypercoagulabilily 
of blood in irradiated men and animals. Prom experunents on 
shed blood which had been irradiated after oxalation and then 
re-calcified, Pagniez and his colleagues (1922) conclude that 
X-rays do not increase the speed of blood clottiiig in vitro : also 
that the hypercoagulability folowing irradiation of the spleen 
is not due to action on the blood itself. It is, however, probable 
that the stabilisation of the plasma by oxalation prevents the 
changes caused by X-rays. 

Giraud and his co-workers (1921, 1922) suggest that irradiation 
of the living animal hberates heterologous proteins by oytolysis 
and that these substances increase the coagulabihty of the bbod. 
Govaerts and his colleagues (1923) find that severe irradiation 
(1600-1600 R.) reduces the surface tension of human plasma 
A physical change in the plasma comparable to tbat ^ of an 
an^hylactic shock seems apparent. Definite changes iu pio- 
thromhin (proserozyme) seem evident from the espamnents d 
La Baire (1926). The qilemc area of the dog was irradiated (a 
dose of 700-760 E. filtered through a 3 mm aluminium screen 
was used), blood was shed and deprived of fibrinogen by t^ 
action of staphylococci. It was found that the prothrombin 
(proseroz 37 me) left in solution becomes more rapidly active and 
nnTnWrifta moio readily with cytozyme than that of blood which 
has not been irradiated, but has been subjected to the action of 
staphylococci. A disturbance of the equilibrum of this fraoti^ 
of plasma seems indicated. This change may be due to me 
hberation of cytozyme by irradiation of the spleen. But the 
observations of Kssdy imply that similar changes occur in ito 
bbod itself or that the irra^tion liberates cytozyme from the 
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vascular endothelium. Other changes may follow the irradia- 
tion of the splenic region. Zunz and La Barre (1927) found 
hyperglycsemia and hypercaloaemia accompanied by the passage 
of an abnormal amount of adrenalme into the circulation. The 
latter occurrence may temporarily increase the coagulability of 
the blood. 

Recent experiments suggest that blood forced out of the 
spleen contains bodies that increase the speed of blood clotting 
McClmtock and Magers, 1926). It seems probable that two effects 
are produced by the irradiation of the splenic area — the liberation 
of cytozyme and direct disturbance of the equilibrium of the 
plasma. 

Heliotherapy, Titamin Deficiency and Hsemorrhage 

Excessive exposure to sunlight may produce a haemor- 
rhagic diathesis (Haussman, 1923), which may provoke 
bleeding from the lungs in tubercular persons. Similar 
results have been obtained experimentally. The prolonged 
action of ultra-violet ray^ on mice causes congestion of the 
lungs and the escape of red corpuscles by diapedesis (Levi, 
1916, 1919 ; Gassul, 1920). It has also been stated that 
prolonged exposure to light impairs the coagulability of 
the blood (Hill, 1925). 

Erom experiments on rats fed on food deficient in the fat- 
soluble vitamins and kept in light and in darkness, Cramer 
and his collaborators (1921, 1922, 1923) conclude that sun- 
light stimulates the production of blood platelets, and that 
vitamin A participates in the formation of these corpuscles. 
Cramer, however, reminds me that this work was done before 
the distinction between vitamins A and D was recognised* 
It is possible that the latter body may be involved. 

Evidence will be presented later which shows that the 
removal of platelets from the blood-stream is an essential 
condition in some forms of purpura, and it will be suggested 
that haemophilia is due to a defect in the development of 
the blood. Both of these disorders are refractory to treat- 
ment, the latter can he only temporarily ameliorated. 
It appears advisable to test the response of the body in these 
conations to a diet superabundant in the fat-soluble 
vitamins, administered either alone or in conjunction with 
moderate exposures of the body to sunlight. 
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Tbe Bisita axisiug bom Transfosion and the use dl Haemostatics 

Of the older hsemostatics, both ferric chloride and lead 
acetate may irritate the bleeding surface (Wilcox, 1Q2S- 
1924). Calcium chloride is also an irritant and if injected 
subcutaneously causes sloughing (Grove and Vines, 1921), 
The intravascular injection of calcium chloride into animals, 
breathing an atmosphere surcharged with carbon dioxide, 
produces general intravascular clotting (Wright, 1894). 
Both intravenous and intramuscular injections of calcium 
chlnridft should, therefore, be avoided if there is any con- 
siderable increase of carbon dioxide in the blood. Oil of 
turpentine may cause nephritis, and, except in very small 
doses (5 minims), is contra-indicated when there is renal 
inefGleieney (Brunton, 1891). 

The transfusion of blood may be followed by disagreeable 
reactions, such as malaise, headache, rise of temperature 
and urticaria, even when every care has been taken to 
match the blood of the donor and recipient. Death has 
followed transfusion when the blood used has satisfied the 
usual tests for compatibility. Two cases of fatal haemolysis 
are recorded by Copher (1923), and Lee (1923) describes the 
occurrence of anaphylactic phenomena, followed by fatal 
oedema of the lungs. A summary and bibliography of other 
fatal oases is given by Baldwin (1926). Such fatalities are 
not, however, sufficiently common to warrant any hesitation 
in the use of transfusion in dangerous haemorrhages. 

The condition of the recipient is, nevertheless, of cardinal 
importance, as it may modify the response to even a weh- 
matohed blood. Eordenat and Smithies (1926) point out 
that transfusion should be made with extreme caution and 
only in dire emergencies when the subjects exhibit pul- 
monary, cerebral or peripheral oedema, when the renal 
output is low, when urine contains albumin, casts or blood ; 
also when the cardiac strength is deficient, with the conse- 
quence that there is little resistance to strain. 

The causes of the physiological reactions produced by trans- 
fusion are still partly obscure. The acute response to the 
mtroduotion of a considerable amount of incompatible blood into 
the oirculatiaa passes through several phases. The ag^utination 
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of eiythrooytes precedes their hsemolysis, and may be followed 
by a vasculsur crisis, similar to that produced by anaphylactoid 
shock. In short, the incompatible blood behaves like a foreign 
protem. If the patient survives these reactions he may succumb 
to the increased burden on the kidneys or liver, or possibly from 
changes in the central nervous system (Kordenat and Smithies, 
1925). The same observers believe that as time progresses the 
recipient's serum (? plasma) develops a lytic action on red 
corpuscles which is greater than that exhibited when the in- 
compatible blood is introduced. 

Hsematologically, the acute reactions are characterised by 
delayed clotting and a lower specific gravity of the blood, by falls 
in the erythrocyte and leucocyte counts, by a striking reduction 
in the number of platelets, by a lowered polynuclear ratio, and 
by the appearance of nucleated corpuscles m the blood-stream 
(Kordenat and Smithies, 1925). It thus appears that not only the 
plasma but the whole of the haematopoietic system is involved. 

More difficult is the explanation of the reactions of varying 
intensity which may follow the transfusion of blood that has 
satisfied the commonly used tests for compatibility. Some may 
be due to the fact that bloods which have satisfied these tests 
may be actually either wholly or partly incompatible The work 
of Guthrie and Huck (1923) indicates that within the four 
accepted blood ^oups are included bloods of diverse sorts, 
having sufficient in common to secure assignment to the same 
group, but possessing sufficient difierences to manifest incompati- 
bility either by cross-matching or on transfusion. Erom these 
observations the same investigators conclude that when several 
donors are used, it is necessary to re-group the bloods at every 
transfusion, and m all cases to cross-group the bloods. 

The recent observations of Brem and his collaborators (1928) 
suggest that other factors may produce partial incompatibility 
of bloods. They noted that a febrile reaction may follow the 
transfusion of the blood of a donor who is at the height of digestion 
(particularly when a meat meal has been consumed), and that 
the blood of the same donor does not produce this effect when 
obtained during fasting. There is other evidence that the 
condition of the blood is altered during the height of digestion. 
It has already been mentioned (on pp. 41 and 42) that the stability 
of the plasma is so greatly decreased that it rapidly clots after 
the removal of platelets, and that a similar condition can be 
produced in the deplateletised plasma of fasting animals by the 
addition either of proteoses or of certain amino-acids. Purther- 
more, Ozubalkski (1924) found that coagulability of dog's blood 
is reduced after a “ fictitious meal ” has been introduced into the 
stomach. It thus appears probable that some of the unfortunate 
reactions following the transfusion of apparently compatible 
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blood may be due to differenoes in the state of digestion of the 
donor and recipient. Inquiries should be made on the possible 
influence of digestion on the capacity of the plasma to agglutinate 
and lyse corpuscles. 

In auto-haemotherapy, the re-injection of an individual’s 
own blood may cause a scTere reaction in persons sufEering 
from prurigo, eczema (either papular or vesicular) and similat 
diseases. Even a small quantity of re-injected blood (10 c.cm.) 
may produce a fall in blood pressure, a rise m temperature, 
thromboc 3 diopenia and leucocytopenia, followed by arthritis. 
In a case of eczema treated by serial re-injections the disease 
was aggravated, the blood was rendered incoagulable for 
nearly three hours, and numerous purpuric patches appeared 
(Nicolas, 6at6 and Dn^asquier, 1921, 1923 ; Monziols 
and Pouron, 1923). 

The risk of fatal intravascular clotting following the 
intravenous injeotion of haemostatics that are prepared 
from natural coagulants has already been mentioned. The 
experimental results on animals suggest that the intravenous 
injection of coagulants should be used only when the rapid 
arrest of bleeding is essential for the preservation of life, 
but, so far as I am aware, there is no record of intravascular 
clotting following the intradermal or intramusclar injec- 
tion of therapeutic doses of the preparations mentioned m 
Table Y. into normal persons. 

A special warning is given by Mills (1924) against the 
intravenous injection of fibrogen (MerreU), as this extract 
rapidly produces death by intravascular clotting when 
injected intravenously. This caution is repeated by the 
manufacturers. Coagulants derived either from blood or 
tissues should not be introduced into the blood-stream by 
any route when there is any liability to thrombosis. Such a 
tendency occurs in arteriosclerosis, in aneurysm, in phlebitis, 
in sepsis involving an increase of the fibrinogen of the plasma, 
and in the puetperium. It may also .be present during 
partial stasis of the blood-stream following wound shock, 
when severe crushing has caused the absorption of tissue 
coagulants, in gout and rhexunatism accompanied by damage 
to the vascular endothelium, when v^etatrve lesions exist 
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in the vascular system, and according to Emile-Weil and his 
collaborators (1920, 1922) in certain forms of purpura 
hsemorrhagioa. 

On behalf of the American Council of Pharmacy, Hektoen 
(1924) examined chemically ten proprietary haemostatics, 
including coagulose (Parke, Davis), coagulen (Ciba), fibrogen 
(Merrell), hemagulin (lily), hemoplastin (Parke and Davis), 
cephalin (Armour), thromboplastin (Squibb), thrombo- 
plastin-hypodermic (Squibb), thromboplastin ^dele) and 
thromboplastin solution (Armour). Each of these pre- 
parations was found to contain animal protein and may, 
therefore, cause shock, which may be severe, or even fatal, 
if the recipient is hj^persensitive to protein shock. To this 
list may be added pituitary extracts, protogulin and all 
preparations of blood serum. Two cases of fatal shock 
following the administration of hemoplastin illustrate this 
danger. In the first case, rather less than 4 o.om. was mjeoted 
intramuscularly. The patient collapsed almost immediately 
and died in a few minutes. It was found subsequently 
that she suffered from asthma, and that the attacks were 
elicited by proximity to horses. In the second ease, the 
patient had been sensitised by a previous injection of horse 
serum (De Lee, 1924). These cases are particularly note- 
worthy, as this haemostatic is commonly used without iU 
effects. Accidents of this kind are of the same order as 
those occasionally occurring in the use of antitoxic sera, 
but should not prevent the use of haemostatic sera, especially 
when life is endangered by bleeding. 

Anaphylactoid phenomena have been produced in guinea- 
pigs by the intravascular injection of the thromboplastins of 
Amour and of Squibb, of coagulen (Ciba) mid of hemoplastin 
(Hanzlik, Eaxsner and FeUerman, 1919-1920). Of these pre- 
parations, the thromboplastLus used in these experiments are 
not recommended by their makers for intravenous or intra- 
muscular injection (Tbromboplastm-hypodennio (Squibb) was 
apparently not investigated), whilst the smaUest amount of 
hemoplaistin that produced shock in guinea-pigs was fifteen times 
larger than tiie maximum dose given in twenty-four hours to 
htunan beings (Hamilton, 1920). It may be added that guinea- 
pigs are peculiarly susceptible to shook. 
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Eibrogen (MerxeU) possesses the po-wrer of tjjg 

anaphylactic response to other protein mjeetions. No 
other protein should be injected whilst the effect of the 
fibrogen may continue. If a transfusion is necessary, or if 
a serum is injected, it should precede the administration of 
the coagulant. Neglect of this precaution may lead to a 
severe reaction (Mills, 1924). This warning should be 
remembered in the internal use of other coagulant haemo- 
statics. Very little is known of augmentor reactions in 
“ shook ” phenomena, but several oases have been brought 
to my notice in which more or less severe reactions hare 
followed the internal administration of two different hamo- 
statios during a period of twenty-four to forty-eight hours. 

Some degree of shock appears essential, however, for the 
production of hypercoagulability in circulating blood when 
the excitatory agent is a protein or a proteose (as in the use 
of subcutaneous injections of “ peptone ”). Thus, the 
newer treatment of either obstinate or inaccessible bleeding 
aims at producing limited plasma shock (the “ choc thrombo- 
plastique ” of Nolf (1922), or “ choc ooUoidal ” of liessly, 
1922), accompanied by a minimal excitation of general 
shock. Success depends on the use of a haemostatic of the 
required activity and upon the subject not being hyper- 
sensitive to its action. 

Serious shock has not apparently been reported as follow- 
ing the iutramuscular injection of therapeutic amoimts of 
sodium citrate, but severe shook may be produced by the 
rapid intravenous injection of this salt (Ghienisse, 1922). 
Its administration by any route is, however, inadvisable m 
purpura and when there is a shortage of blood platelets, as 
it prolongs the clotting-time of the blood in these conditions 
(Neiuhofi and Hirschfeld, 1922 ; Higgins and Eisher, 1924). 
In certain forms of haemorrhage of the new-born, a pro- 
nounced shortage of blood platelets occurs (Morse, 1926), 
and some oases of later infantile haemorrhage are apparently 
akin to ptupura (East and collaborators, 1926). The 
administration of sodium citrate in such cases appears 
inadvisable. 

The risk of excessive shook in hypersensitive subjects 
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is not limited to nse of intravascular or intradermal injec- 
tions, but may occur when foreign protein has been ingested. 
In the oral administration of fibrogen, distension of the 
stomach with iced water is used to prevent the digestion of 
the haemostatic. According to Hettwer and Kriz (1925), 
protein is absorbed xmder these conditions and may produce 
anaphylactic phenomena in animals. It appears desirable, 
therefore, in all cases except those in which bleeding endan- 
gers life, to test the reaction of the individual to any haemo- 
static containing protein before administering it internally. 
This may be done by giving, by the route selected, one- 
fourth of the therapeutic dose. At least half an hour should 
elapse before giving the full dose, as serial injections of these 
and similar substances may modify their action in blood 
plasma (Pickering and Hewitt, 1922, 2 ; 1924, 1). In cases 
of obstinate haemorrhages, when the delay necessary for a 
“ cutaneous reaction ” is permissible, the use of this test for 
hypersensitivity is advisable. 



CHAPTER Xn 

The Prohlem o£ Thrombosis 

The definition and occurrence of thrombosis — The structure of 
thrombi — The differences in the conditions producing thrombi and 
extravascular clots — ^The aetiology of thrombosis — ^The rdle of sepsis 
in thrombosis — ^The alleviation of thrombosis. 

THBOiyDBOSis was defined by Ziegler (1885) as intravascular 
clotting arising during lifetime. More recent research has, 
however, shown that this definition is not sufficiently com- 
prehensive. The aggregation either of blood platelets or of 
polynuclear leucocytes may initiate thrombosis without any 
apparent deposition of fibrin (Welch, 1887, 1889), and 
hyaline thrombi may arise in the capillaries from the agglu- 
tination of erythrocytes (Tlexner, 1902; Boxmeyer, 1903; 
Pearce, 1904 ; Loeb and others, 1904 ; Eahraeus, 1921). 
Injury to the walls of blood vessels produces white thrombi, 
composed solely of blood platelets, when the blood of an 
animal has been rendered incoagulable by the action of 
leech extract (Schwalbe, 1907). Moreover, the formation 
of similar thrombi in the circulating blood of heparinised 
animals will be described later. Thrombosis can, there- 
fore, he produced, both naturally and experimentally, 
without intravascular clotting, though most natural thrombi 
contain blood clots. 

The still current descriptions of thrombosis as necrosis,’’ 
or as a condition allied to necrosis (Lubarsch, 1924) are 
premature. The aggregation of blood platelets is probably 
a physical process, dependent on the condition of the plasma 
(Eoskam, 1922-1923 ; Aschoff, 1924), and it is not yet 
established that plasma is a living fluid. Enough has been 
written to show that a non-committal definition such as the 
following is desirable : A thrombus is a solid aggregation 
formed in circulating blood by changes in the blood itseE 
Thrombosis is the occurrence of such changes. 
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Thrombi are more common in vems than in arteries. 
Venotis thrombosis is more frequent in the lower limba t.’hn.n 
in ether parts of the body. It occurs wben the only apparent 
cause is mechanical damage, such as the bruising or crushing 
of a vein. It will, however, be seen later that these con- 
ditions can exist in healthy animals without the formation 
of thrombi. A list of other conditions that favour throm- 
bosis has already been given (on p. 168). Any one of 
these states may exist, however, without sufficiently dis- 
turbing the condition of the blood to cause either the aggre- 
gation of corpuscles or the production of intravascular clots. 

Estimates vary respectirg the frequency of the occurrence 
of thrombosis. According to Junge (1912), every hundredth 
case of gravidity is accompanied by thrombosis, but a 
much lower percentage is recorded by Bell (1924) when the 
patients are exercised by movements of the upper limbs. 
This difference is espHcable by the previously Triflptf<^ue d 
observation (p. 36) that a concentration of natural coagulants, 
insufficient to clot circulating blood, produces coagula when 
the blood is at rest in a vein. ThCTe are also considerable 
differences in the estimates of the frequency of post-operative 
thrombosis. In hospital practice it apparently varies 
between 1 per cent, and 1‘8 per cent, of the number of oases 
(Eranz, 1909 ; Bondy, 1910 ; Klein, 1911 ; Hampton and 
Wharton, 1920). It may actually be much more common, 
as de Quervain (1922) suggests that a considerable propor- 
tion of the cases of pneumonia following abdominal operations 
is due to the formation of thrombotic emboli. 

There are not sufficient statistics available during the 
last quinquennium for ascertaining if there has been any 
substantial change in the frequency of thrombosis in Great 
Britain and America. But a Isuge increase in the number 
of deaths from thiomlx^ and pulmonary embfiTinm is m>.id 
to have occurred in Germany since 1922. Tbis is esplained 
by Eahr (1927) as due to the more common use of 
intravenous therapy. Hegeler (1928) denies, however, t.bn.t 
the increased mortality has arisen from th^ treatment or 
from the use of other remedial measures, such as Rcentgen 
rays and blood transfusion. He believes that deterioration 
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of lihe vascular endothelium and possihly morbid changes in 
the blood are more common among Germans than fonnerly. 
A decision on this question is of considerable importance 
in relation to the use of intravenous injections in hsemor- 
rhagic disorders. 

Acooidmg to Edbbert (1916, 1, 2), intravascular coagulation 
is a general ocounence in the onset of death and originates the 
symptoms which mark a death straggle. This writer states 
that many clots, commonly regarded as pM-mortm, products, 
are actuafly formed during life When a lasge amount of fibrin 
is deposited, clotting is said to have occurred some considerable 
time before death, and the presence of a small amount of tihi-in 
in some clots is explained as due to coagulation having ta.IrftT' 
place just before death. Marchand (1916) disputes these con- 
clusions and states that the structure of the clots usually found 
in antopries is solely determined by gravity. So regular is this ' 
action that the position of a body at death may be judged by the 
proportion of fibrin to coi^usoles in a clot. (The attention of 
students of forensic medicine is directed to this statement.) 
Thia controversy appears closed by the observations of Aschoff 
(1916), who examined a large number of the bodies of soldiers 
within bn.1f an hour after death, and found that intravascular 
clots are absent, even in cases of death from diseases, in which 
thtir appearance is common when later autopsies are made. 

The possibility of hereditary factors in. thrombosis should 
not be ignored. Certain hereditary diseases in which the 
a ndotheliiTm of the veins may undergo change, such as gout 
Tb ftnmatiam , may provide conditions favourable to 
thrombosis. Other hereditary factors may also participate. 
Both Schnitzlec (1926) and Eegeler (1928) maintaiu that 
oArfoi.iTi fa.Tni1iftH are mote liable to thrombosis after opera* 
tinna than are normal persons. A more definite indication 
of genetic ixifl.oences seems apparent in the occurrence of 
tbromho-angmtis obliterans among Jews. 

The Stractiiie k & Tbioiilbi 

Thrombi may be dasafied by their structure. The 
aiiYi pW, type of thrombus is composed of blood platelets, 
with a few entangled leucocytes, and is called a wMe ihrmbm. 
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In a short time a layer of fibrinous material, intermingled 
TOth leucooy1»s, is deposited on the platelets. With the 
ageing of the thrombus the outlines of the corpuscles may 
di^ppear, and the whole mass may be transformed into finely 
granular material (Ziegler, 1885). It is probable that this 
material is not fibrin. A few erythroc5rtes are usually 
entangled in the outer layers, some writers maintaining that 
they are present in all thrombi (Klemensiewiez, 1907 ; 
Benecke, 1913). At a still later stage of derelopment the 
thrombus may undergo autolysis and be reduced to a 
fibriuous shell containing fluid (Adami and NichoUs, 
1910). Possible liquefaction by bacteria should not be 
ignored. 

When sufficient erythrocjrtes are entangled in a thrombus, 
it appears either mottled or laminated. In a motUed throm- 
haa the distribution of erythrocytes is irregular, so that in 
parts it resembles the coagula of shed blood. Distinct 
stratification, however, is almost invariably present, layers 
of fibrinous material alternating with deposits of red cor- 
puscles and blood platelets. The lamination may be con- 
fined to the region of origin and attachment of the thrombus, 
when a column of stagnant blood is rapidly and completely 
clotted in a vein. Such a structure is commonly called an 
octtte red thromJms and is hardly distinguishable from either 
post-mortem clots or those of shed blood (Adami and NichoUs, 
1910). There is no doubt that except in the laminated 
portion, these thrombi are typical clots. Identical structures 
are formed when strings are introduced into the heart of an 
anaesthetised oat by threading them through the cardiac 
wall. If the animal is killed three or four minutes after 
this operation the strings are found coated with blood 
platelets and filaments of fibrin, with a few entangled red 
and white corpuscles. In animals killed ten or fifteen 
minutes later a mottled thrombus is foimd. When half an 
hour has elapsed an acute red thrombus is present. It is 
built upon a central core of platelets, either with or without 
an intervening laminated area. Typical fibrm can be 
separated from the clot, and extraction with an 8 per cent, 
solution of Nad gives thrombin. The structure of the 
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thrombus is different, however, when the striug is intro- 
duced by passing it through the walls of the heart in a jBne 
tube, thus avoiding contact of the string with tissue juices. 
In its earliest phase the thrombus is almost completely 
composed of nearly intact platelets. After twenty to thirty 
minutes have passed the thrombus consists of a core of 
disintegrating platelets surrounded by laminse of fibrin, 
erythrocytes and platelets, with a few leucocytes irregularly 
disposed. The amount of fibrin is much less than in an 
acute red thrombus. After one or two hours the original 
structure is covered with fibrin in which blood corpuscles 
are embedded, the covering layer being similar to that of a 
mottled thrombus. It is evident that the development of 
thrombi is modified by the presence of tissue juices. It 
also seems clear that the massive clots f oimd in acute red 
thrombi arise from the ingress of tissue juices into the 
blood-stream, and that when these coagulants are absent 
fibrin is not formed prior to the lysis of platelets. 

A series of micro-photographs, published by Mason (1924), 
also illustrates the fact that the different types of thrombi 
shade one into another. Sections of thrombi produced by 
the intravenous injection of lung extract show some areas 
that are indistinguishable from post-moH&fri clots, whilst 
other areas contain masses of platelets and laminae of fibrin. 
More distinct lamination is evident when the thrombus has 
remained in situ for twenty-four hours. A section of a 
naturally thrombosed vessel in a human lung also shows 
a aimilar structure, but the strands and masses of fibrin in 
the marginal region are rather more apparent. There is 
then no important structural difference between thrombi 
produced by the intravascular injection of lung extract and 
those formed when threads, contaminated with tissue juices, 
are introduced into the circulation. It is also evident that 
similar thrombi occur naturally in man. 

Thrombi composed wholly of fibrin are said to be formed 
in the heart and in the pulmonary vessels. Unlike typical 
white thrombi, they do not adhere to the vascular wall 
(Welch, 1910). Apparently, this type of thrombus has not 
been produced e35)erimentally« 
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Uie Siftetences in ibe Conditions srodoeing Tbiombi and 
EUtiaTascalac Clots 

Seveiral difierences distingmsh intraTasonlai clottiag 
from the coapgolation of shed blood. The clottiiig of shed 
blood spreads rapidly until all the fibrinogen of plasma is 
converted into fibrin. It has been mentioned that the 
optimum temperature for this change is at or near that of 
the body ; also that the presence of disintegrating platelets 
and movement of the blood hastens coagulation im, vitro. 
All these conditions exist in circulating blood during the 
formation of thrombi. Nevertheless, the looah&ation of 
dots and their relatively slow increase by deposition of 
layers of fibrin and corpuscles are the distinctive features 
of most forms of morbid and post-operative thrombosis. 

AJthough blood remains fluid in a vein isolated from the 
general circulation (Richardson, 18S8, confirmed by many 
observers)! clinicians are agreed that the stasis of blood 
favours thrombosis, and the decreased resistance of blood 
immobilised in a vein to clotting by natural coagulants 
has already been described (p. 36). When a thrombus is 
forming, blood impinges on masses of disintograting plate- 
lets without losing its fluidity, but the addition either of 
platelets or of a thrombus to blood in vitro hastens its com- 
plete clotting. That this difference in behaviomr is not due 
solely to the movement of the blood in vim is shown by the 
occurrence of localised thrombi, both in the aorta, where the 
drculation is rapid, and in veins, where it is slow. Particu- 
larly striking are those cases of thrombophlebitis in which a 
vein is almost blocked by a clot, as the blood percolating 
over the thrombus does not produce coagulation in adjacent 
vrins. When, however, the physical condition of shed blood 
is preserved nearly unchanged, the mode of formation and 
localisation of clots resembles that occurring in vivo, as is 
shown by the following experiment : — 

The blood of an anaesthetised cat is riied thxouj^ a parafBned 
catmula Into a paraffined vessel, the bleeding taking place und^ 
liquid paraffin, so as to avoid contact of the blood mth air. 
Ootton tiireads are introduced into the blood by paaring them 
through a fi3ae tube which has been coated wifii paraffin wax. 
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The threads thus reach the blood 'withoiit bemg in contact -with 
the oil. In a few minutes the threads are covered with cbts 
which are composed of blood platelets, corpuscles and hbriu 
These dots remain localised for several hours, but slowly increase 
in size. The localisation is not, however, as permanent as in 
vivo, since the whole of the blood clots in twenty-four to thirty- 
dz hours. The clots foimd after the strmgs have been iinTnAraai^ 
for three or four hours show the structure of a mottled thrombus, 
except that at the points of attachment to the string both fibrin 
and erythrocytes are present. There are no areas composed 
wholly of blood platelets and no indications of 1fl.TniuB.timi A 
completely diflerent result is obtamed when sfxings are intro- 
duce into blood shed in a parofSned vessel with the blood exposed 
to the air. The whole of the blood clots in a few minutes. 

These observations are explicable on the view that dis- 
turbance of the surface conditions of the plasma, sufficient 
for the dissociation of plasma complexes, is necessary before 
clotting can occur. Time is required for such chaises. 
In circulating blood most of the plasma passes the thrombus 
sufficiently rapidly to avoid disintegration, but films of 
blood adhere to a thrombus and provide the material for 
its slow increase in size. 

The ffiHiology ol Thnanbosis 

Much light has been thrown on the formation of thrombi 
by experiments on living animals, hut no single series of 
experiments explains all the known facts. That local 
damage to tissues may produce intravascular clotting appears 
ffirst to have been observed by Samuel (1870), during an 
investigation of the action of suljffiuric acid on the tissues 
of the rabbit’s ear. Two years later, Zahn (1872) noted 
an accumulation of leucocytes and granules (“ Komchen ”) 
in the blood vessels of the mesentery of the firog, when that 
membrane is injured by crystals of common salt. Blood 
platdets being unknown at this period, thrombosis was 
assigned to the accumulation o£leuooo 3 rtes, and the granules 
described by Zahn w«ce regarded as the d&ms of these 
corpuscles (Pitres, 1876). Experimenting with the meseu- 
teryof dogs and of guinea-pigs, Ehertih and Sohimmelhusch 
(1886, 1888) observed that when the blood vessels are first 



THE PROBLEM OP THROMBOSIS 169 

esposed, the platelets and erythrocytes circulate in the 
axial portion of the blood-stream, whilst the leucocytes 
flow closer to the walls of the blood vessels. The slowing 
of the circulation leads to an accumulation of both leucocytes 
and platelets in the peripheral blood-stream. When, how- 
ever, a vessel is injured by ligature, the platelets may 
adhere to the tunica intima and to one another. These 
investigators also found that the vascular wall may be 
injured without eauang thrombosis, if the circulation 
remains suffidently free to allow the platelets to remain 
in the axial blood-stream. They thus concluded that the 
impingement of platelets on irregularities of the vascular 
wall sufficiently explains the formation of thrombi. These 
brilliant observations remain unrefuted, but they do not 
explain the formation of thrombi when microscopic examina- 
tion reveals no recognisable change in the vascular endothe- 
lium. Purthermore, accoimt was not taken of the probable 
passage of tissue coagulants into the blood-stream when the 
blood vessels are damaged. 

Thrombi can also be produced by the injection of irritants, 
such as silver nitrate and turpentine, into the perivascular 
tissue of a rabbit’s ear. In the latter case, thrombosis is 
delayed until oedema appears (Brooks and Crowell, 1908). 
White thrombi can be produced by the cauterisation of 
blood vessels (Hanser, 1913), and by the subcutaneous 
injection of ionisable calcium salts (Bullock and Cramer, 
1919). 

Prolonged compression of a vein does not cause throm- 
bosis (von Baumgarten, 1903 ; Rizor, 1903 ; Brooks and 
Crowell, 1908). Working with aseptic conditions, Barrett 
(1924) foxmd that the vatns of dogs maybe crushed repeatedly 
without causing thrombosis at the seat of injury. The 
same investigator fixed sterile threads in the veins of dogs, 
so lhat they oscillated in the blood-stream and also rdeased 
similar threads in the blood-stream, where they moved 
freely in the circulation for seven weeks. In these experi- 
ments the threads must have invaded both the peripheral 
and axial blood-streams, but thrombosis was not produced. 
Some cause other than mere impact of blood platelets on 
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damaged vascular surfaces must be preseat in the genesis of 
tbrombi. 

That alterations in blood plasma provoke thrombosis 
seems probable from the frequency of thrombi in both 
puerperal and inflammatory states. Both these conditions 
are distinguished by a marked excess of fibrinogen in the 
plasma (see pp. 88, 89) and by a decreased capacity of 
the plasma to retain its corpuscles in a state of soqien- 
sion (linzenmeyer, 1920; Maccabruni, 1921), whilst the 
decrease in the capability of retaining corpuscles in suspen- 
sion oorre^onds with the increase of fibrinogen (Starlinger, 
1921 ; Samson, 1927). Furthermore, Lohr (1921) finds that 
mcreases in the rate of sedimentation of corpusdes corre- 
spond with the amount of absorption of the dismtegration- 
produots of cells. Another factor that favours both the 
formation of thrombi and decreases the capacity of blood 
plasma to retain its corpuscles in suspension, is the state of 
stasis, the speed of sedimentation of corpuscles being in- 
creased when blood is confined in a vein (Plass and Rourke, 
1927). It thus appears that each of the conditions that 
favour thrombosis, namely infiammation, the puerperal 
state, the ingress of tissue juices into the blood and immo- 
bility of the blood, also decreases the power of plasma to 
retain its corpuscles in suspension, and so favoms their 
deposition on the vascular endothelium. Another illus- 
tration of the relationship of the suspension stability of the 
blood with the formation of thrombi is apparent in tihe 
observations summarised below : — 

The circulating blood of anmsthetised cats and rabbits was 
rendered temporarily incoagulable by the intravasculru injeofion 
of heparin. Fme strings were inserted into the ventricles, bei^ 
passed throng the car^ac walls in hollow needles, so as to avoid 
contact with tissue juices. The needles were withdravm, leaving 
the strings in the cavities of the heart. In the oat white thrombi 
rapidly formed round the strings and a few leucocytes and 
erythrocytes adhered to the outer surfaces of the thromhi. 
There was no intravascular clotting. In the rabbit the strings 
were free from both aggre^tions of platelets and clots. It ^ 
also found that the blood of the cat sediments much more rapdly 
than that of the rabbit (Fickeiing and Hemingway, 1926, 2). 
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Altiiough a close coimeotion between thrombosis and 
speed of sedimentation of blood coipuscles seems ^tablisbed, 
it is evident that the changes in plasma which increase the 
rapidity of sedimentation are insufficient in themselves for 
the production of thrombi, for as E&hraeus (1921) remarks, a 
decreased capacity of the blood to retain its corpuscles in 
suspension is more common than thrombosis. If, however, 
an increase in sedimentation is accompanied either by 
increased a^lutinabilty of blood platdets or by the develop- 
ment of adhesiveness in the vascular endothelium, then all 
the conditions necessary for the inception of thrombi exist. 

Several hitherto obscure aspects of thrombosis are ex- 
plicable when seen from this standpoint. The addition of 
tissue juices to blood remaining fluid on parafSned surfaces 
rapidly a^lutinates its blood platelets, and a similar con- 
glutinatiion can be produced vn vwo. When tissues are 
damaged by wounding, their juices may enter the blood- 
stream and modify the agglutinability of blood platelets, 
as well as the capacity of the plasma to hold corpuscles in 
suspension. When the absorption is insufficient to pro- 
duce both these results, or if the invading tissue juices are 
diluted sufficiently rapidly in the blood-stream to render 
them innocuous, then thrombosis does not occur. The 
absence of thrombi in most cases of wounding is thus 
explained. In pregnancy an increased tendency of blood 
corpuscles to sediment exists long before parturition occurs, 
but thrombosis is extremely rare in this condition. It is, 
however, common after parturition. In the latter condition, 
absorption of tissue juices from uterine lesions may provide 
the second factor in thrombosis. Primary thrombi may 
appear several days after a severe operation when sepsis 
is improbable. This is intelligible as due to slow but 
cumulative absorption of tissue juices and thdr passage 
into the blood-stream in quantities too large to be dealt 
with by the body. 

Some of the rarer forms of thrombosis are also ex^cable 
by alterations in the a^lutinability of corpuscles, such as 
the formation of hyaline thrombi in the capillaries by the 
a^regation of erythrocytes and the production of those 



172 BLOOD PLASMA IN HEALTH AND DISEASE 

described by Lubaisch (1924) as arising in the oajdllaiies 
of the spleen, liver and kidney from obstruction by mega- 
karyocjdes. 

Thft production of platelet thronabi in pneumonia and 
during anaphylactic shock is also intelligible. In both 
these states the agglutinability of the platelets is increased 
and the coagulability of the blood may be decreased. The 
■fn-rmar condition favouTS the appearance of white thrombi, 
the latter restrains the deposition of fibrin. Furthermore, 
a great increase in fibrinogen may occur in pneumonia, and 
also sometimes occurs in anaphylactic shook (Zunz, 1926). 
In such cases the tendency to thrombosis is increased. 
It has been mentioned that prolonged venous obstruction 
causes an increase of fibrinogen in the blood confined in the 
vein. Tbia may accoimt for the appearance of thrombi in 
veins which have been obstructed for a considerable time. 
The increase of fibrinogen may instigate thrombosis. 

An mteresting explanation of the formation of white thrombi 
is suggested by Starlinger and Sametnik (1927). They state 
that blood platelets normally carry an electronegative charge 
and that the amount of the charge decreases when the concen- 
tration of fibrinogen and globulin in the plasma increases. They 
believe that the decrease in the electrostatic charge enables the 
platelets to agglutinate if the blood circulates slowly. 

In the formation of acute red thrombi, changes in the 
suspmision stability of blood plasma appear to be of minor 
importance. It has been mentioned that the structure 
of these thrombi is hardly distinguishable from either post- 
mcniem clots or those produced by the intravascular injec- 
tion of tissue extracts. The rapid ingress of tissue juices 
into the blood-stream and clotting by their direct union 
with the fibrinogen of plasma explains the thrombosis. 
In thrombi which are partly mottled and partly laminated, 
both factors are apparent— coagulation by direct action of 
tissue juices and that arising from the agglutination and 
lysis of blood platelets. It may be assumed that both these 
Iriudg of thrombi originate much more rapidly than those 
which are almost wholly composed of masses of agglutinated 
platelets. 
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The recent observations of Van AHen (1927) suggest that the 
speed of the sedimentation of blood corpuscles is correlated with 
the changes in plasma which inaugurate clotting. He found 
that if blood is chilled immediately after collection its corpuscles 
soon commence to sediment, also that sedimentation continues 
till clotting commences. When, however, the chilling is post- 
poned for a minute and then instituted, sedimentation does not 
occur, although the progress of clotting is delayed by cooling. 
It thus appears probable that the pre-clot changes in blood are 
an important factor in sedimentation. They may also explain 
the cessation of the growth of thrombi by the deposition of 
corpuscles. It has been shown that the blood adjacent to a 
thrombus suffers changes similar to those which initiate clotting 
(Pickering and de Souza, 1923), and such changes apparently 
retard sedimentation. 

The influence of contact-action by water-wettable surfaces 
on the formation of thrombi is illustrated by the recent esqperi- 
ments of Shionoya (1927) and of Johnson (1927). The former 
observer found that when blood circulates through a ^stem of 
glass and collodion tubes platelet thrombi are form^ before 
clotting occurs. The latter investigator noted that if the glass 
tubes are oiled the formation of sufficient fibrin to obstruct them 
is delayed for three hours. 


The rdle of Sepsis in Thrombosis 

Much controversy has arisen as to whether sepsis is a pre- 
requisite condition in thrombosis. On the one hand, it is 
claimed that thromhi occur in the puerperal state when 
infection is absent (Ellein, 1911 ; Bumm, 1914), and that 
thrombosis may occur in the brachial vessels after excep- 
tional exertion, without any indications of sepsis (Ivanisse- 
vich, 1922). On the other hand, capillary thrombi are 
common during infection and the larger thromhi often con- 
tain haemolytic organisms. The disintegration-products of 
erythrocytes contain a coagulant, and it has been suggested 
that haemolysis causes thrombosis. Non-haemolytio organ- 
isms have been found in thrombi (Glynn, 1924) and complete 
haemolysis can be produced in circulating blood without 
causing thrombosis. The presence of micro-organisms in a 
thrombus may have no relation to its formation: the 
organisms may merely be entangled in the structure, as 
suggested by Aschofi (1913). According to Bell (1924), 
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mild sepsis does not cause thrombosis, but the presence of 
toxins in the circulation is a pre-disposing condition in 
pulmonary thrombosis. Kretz (cited by Buerger, 1924) 
states, however, that in 6,611 oases he was unable to find a 
single instance in which a thrombus was not associated 
with previous infection, whilst Buerger (1924) concludes 
that sepsis had played an important part in about half the 
cases he investigated. 

The experimental results summarised below ate also 
inconclusive : — 

Jakomki (1889) states that he found thrombi in rabbits and 
in guinea-p^, after the intravascular injection of typhoid 
bacilli, Wt ]& results were inconclusive when filtered cultures 
were used. TaJke (1902) clajms that the injection of pneu- 
mococci into the ear vems of rabbits gives positive results. 
No tl^ombi were found by Brookes and Crowell (1908) after 
virulent cultures of these orgaiusms had been introduced mto 
the circulation of rabbits. Barrett (1924) fixed infected thread 
into the ear veins of dogs, using StapJiyloccoaua aureus and (dim, 
as well as Bacillus coli. After four or five days thrombosis 
commenced at the pomts of entry of the threads. The iujeotion 
of staphylococci into the crushed ear veins of dogs gave, however, 
negative results. 

It is certain that thrombosis can be produced without the 
intervention of micro-organisms. Inflammation, however, 
is produced by sepsis. When acute, it increases the amount 
of fibrinogen in plasma and decreases the suspension stability 
of the blood. By these changes sepsis may play an im- 
portant part in thrombosis. In mild infections and when 
agglutinabilii^ of blood platelets is not increased, the dis- 
turbance of the blood is msufifioient for the formation of 
thrombi. 

In a recent study of the mechanisms of bacteorial infection, 
Wilentky (1926) points out that tfaromhi may banioade lesioxis 
in blood vessels and so prevent the passage ^ mioro-orgamsms 
into the blood-stream. A local dmensive mechanism against 
general sepsis is thus provided by thrombosis. In other cases 
the bacteria grow on the surface of the thrombus and may pass 
into tiie blood-stream. 
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Tbie Alteriation (tf Thrombosis 

Sereial attempts liave been made to prevent tbrombosis 
by espeiimental methods. Brooks and Crowell (1908) 
foimd that thrombi produced by artificial phlebitis are less 
extensive and are more readily absorbed whmx the coagula- 
bility of the blood is decreased by the oral administration of 
mtrio acid. Rabbits were used in these experiments and 
2 gms. of citric acid were given daily. When hypercoagula- 
bility of the blood was induced by the daily ingestion of 
calcium lactate, the thrombi were more extensive and less 
readily absorbed. Marris (1917) recorded seventeen eases 
of the arrest of thrombosis by the frequent administration 
of 0-6 gms. of sodium citrate given intravenously. The 
patients were soldiers who had developed thrombi during 
enteric infection. These results are not due to reduced 
coagulability of the blood, as the intravascular injection of 
moderate amounts of this salt renders the blood hyper- 
coagulable (R. Weil, 1916-1917), whilst the hypocoagula- 
bility resulting from large injections rapidly passes off and 
is followed by decreased coagulation time (Pickering and 
Hewitt, 1926). 

The limitation of thrombosis by a preliminaiy operation 
in which either the splenic vein or mesenteric vein is liga- 
tured IS claimed by Budde and Eurten (1924). About ten 
days after this operation a thread was drawn through the 
portal vein and fastened to the abdominal wall. Scarcely 
perceptible thrombi were found where the thread had passed. 
In experiments in which the preliminary operation was 
omitted all the animals died and extensive thrombi were 
found in the portal vein. The preliminary laparotomy is 
bdieved by these workers to induce the formation of an 
antigen which limits thrombosis. If aseptic conditions 
were maintained, the death of all the animals used in the 
control experiments is surprising, as Wooldridge (1893) 
produced extensive thrombosis of the portal vem without 
&tal results. The present writer has confirmed his observa- 
ti.ODS. 

The anticoagulant action of heparin has already been 
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described. It is appajcently non-toxie to rabbits and dogs. 
Mason (1924) found that the intraTenons injection of 
heparin prevents the intravascular clotting produced by 
the injection of lung extract into the circulation. He 
suggested that heparin may provide a valuable means of 
airestang thrombosis m man if the formation of natural 
thrombi is due to the same causes as intravascular clotting. 
This appears to be true only when thrombosis arises from 
the sudden ingress of large amoimts of tissue juices into the 
blood-stream. Furthermore, it has been shown that heparin 
retains its anticoagulant action in vivo for only one or two 
hours, and that hypercoagulability of the blood foUowa. 
The effect of serial intravenous injections of heparin, distri- 
buted over several days, has not been investigated. The 
possible action of intramuscular injections of heparin m the 
region adjacent to a developing thrombus should also be 
investigated. 

Eowntree (1927) states thatheparin mitigates pulmonary throm- 
bosis in man. Although clots are slowly formed they are not 
sufadently large to prevent circulation. Details are not gven. 
HimilaT thrombi are formed when heprinised blood drcnlates 
through a system of glass and collodion tubes. A mixture of 
heparin and M^O 4 is said to prevent thrombosis for one or 
two hours (Shionoya and ooUaborators, 1927 ; Shionoya, 1927). 

Intravenous injections of hypertonic NaCl are stated by 
Silbert (1926) to produce marked improvement in cases of 
thrombo-angeitis obliterans and, if the disease is not too 
advanced, to restore the patient to usefulness. One 
hundred and fifty cubic centimetres of a 6 per cent, solntion 
is given in the first injection, followed by a later injectioa 
of 300 o.cm. Beneficial effects are recorded in 46 cases out 
of 66 treated by this method. 

!nie use of measures, such as exercise, that increase the 
drculation in any area, where there is a Hahilily to throm- 
bosis, seems justified by both olinioal and experimental 
observations, in cases where movements of the body are not 
harmful. Immobility of the blood and the consequent 
tendency of its corpnsoles to sediment and of the plasma to 
dot may thus be avoided. Periodic exercise, first sug- 
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gested by Pool (1913) as a mesisiire against post-operative 
thrombosis and as practised by Bell (1924) in gynaecological 
cases, affords an example of this treatment. To avoid the 
stasis of blood, Vietor (1925) suggests that in operations 
positions should be avoided that decrease the circulation by 
pressure on veins. 

The importance of an excess of fibrinogen in the produc- 
tion of thrombi has already been emphasised. Measures 
for the reduction of any excess to normal limits seem appro- 
priate. A diet composed mainly of carbohydrates and fats 
markedly reduces the amount of fibrinogen in two or three 
days. 

Very little is known of the influence of medicaments on the 
sedimentation, agglutination and disintegration of blood 
corpuscles. Cocaine reduces the agglutrnability of blood 
platelets (Ducceschi, 1915) and heparin prevents their lysis 
m vitro for several hours (Howell, 1927). A promising field 
of research remains unexplored. 



CHAPTER Xin 


Menstrual and Puerperal Blood 

The coagulability of menstrual blood — ^Th© condition of circulating 
blood during menstruation — ^Th© alleged presence of a specific anti- 
coagulant m menstrual fluid — A note on the arrest of uterine hsemor- 
rhag© — ^Puerperal blood. 

Meiststeual fluid which has been slowly discharged from 
the uterus remains unclotted or clots incompletely. When, 
however, the menstrual flow is rapid, clotting promptly 
occurs and yields an abundance of fibrin. Several explana- 
tions have been offered for the lack of coagulability of the 
slowly discharged liquid. The earlier writers maintained 
that an increase of alkalinity, arising from the mixture of 
menstrual blood with the mucus of the uterus, accounts for 
the absence of clotting, and this explanation is still current 
in works on gynaecology. Several facts oppose this con- 
clusion. Small amounts of mucus hasten the clotting of 
body fluids containing fibrinogen (Birnbaum and Osten, 
1906), and the addition of larger quantities, up to 2 per 
cent., to shed blood only slightly delays coagulation (White- 
house, 1914). It may he added that a greater amount of 
alkaline mucus can sometimes be obtained from menstrual 
fluid containing clots than is obtainable when no clots are 
visible ; also, that the neutralisation of slowly discharged 
menstrual fluid does not provoke coagulation. 

Contamination with vaginal secretions is not the cause 
of the loss of coagulability. Menstrual liquid obtained 
without contact with the vagina may remain permanently 
fluid in vitro. Working with the menstrual fluid obtained 
from twelve cases of hsematocolpos, Bell (1913-1914) found 
a shortage of fibrinogen and an absence of thrombin. He 
concluded that the lack of coagulability in slow-flowmg 
menstrual fluid is due to these deficiencies, and that the 
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clotting of the rapidly flowing liquid arises from pathological 
processes. The latter conclusion is diluted by White- 
house (1914, 1927). He found clots in the uteri of thirty 
menstruating women who were apparently normal, in 
twenty-three of whom clots were absent from the vagina. 
Similatr observations were made by Shaw (1926), who also 
found clots in the uteri of normal women, even at the com- 
mencement of menstruation. 

Other facts confirm the conclusions of Whitehouse. 
Blood obtained by puncture of the uterus clots normally 
(Stickel and Zondek, 1920), and the menstrual discharge of 
normal women and that colleoted in the cervix uteri con- 
tains thrombin (Kristea and Denk, 1910 ; Diest, 1912 ; 
Strong, 1917). Thrombin is absent -^m circulating blood, 
but is present in clotted blood. Its presence in menstrual 
fluid shows that coagulation has occurred and is of the anma 
type as that which produces blood clots. It appears that 
the condition of menstrual fluid is determined by the speed 
of its discharge. When the escape is rapid there is insufid- 
cient time for the blood shed from the uterine vessels to 
clot in the uterus. When the escape is slow, fractional 
coagulation occurs in the womb and the blood is wholly or 
partly defibrinated before it is discharged. In addition to 
the formation of minute clots, it is probable that defibrinao 
tion takes place by the deposition of a film of fibrin on the 
walls of the uterus. A similar phenomenon has been 
observed when blood is slowly shed into the pleural cavity, 
the defibrinatian bemg complete without the formation of 
clots which are visible to the naked eye (Van Herwerden, 
1921, 1922). 

Menstrual clots may imdergo spontaneous lysis (White- 
house, 1927). A return to fluidity after the formation of 
small clots may occur. The incubation of menstrual fluid 
at body temperature hastens this process. Similar fibrino- 
lysis in slowly clotting blood has already been described, and 
it has been mentioned that the disintegration of thrombin 
yields a body which dissolves fibrin. The dissolution of 
smaill blood clots in menstrual fluid may thus be explained, 
without postulating the presence of a specific lysin. 
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A shortage of thiombm has been observed in menstrual fluid 
(Eiistea and Denk, 1910 ; Diest, 1912). The adsorptioa of 
thrombin by fibrin deposited in the ntmis, the antolysiB of that 
coagulant and its “ inaotivatiDn ” by serum probably contribute 
to this result. The absence of thrombin, described by Bell ia 
menstrual fluid obtained from cases of hsematooolpos, becomes 
readily intelligible, as the retention of clotted blood in the uterus 
subjects it to a temperature which favours autolytic processes. 

The Condition of Citcolating Blood daring Uenstcaation 

The evidence of the development of a specific anticoagu- 
lant in -unshed blood during menstruation is contradictory. 
In his monograph on menstruation, NovdJfc (1921) gives two 
lists of investigators, one of those who observed delayed 
dotting of systemic blood during the menstrual period, the 
other of observers who found no such delay. Cantoni (1913) 
had, however, pointed out that many of the commonly cited 
observations are unreliable. The bloods compared were 
often taken from different individuals, and m some cases the 
temperature at which clotting occurred was not kept con- 
stant. The work of Hosaka (1926) throws some light on 
these discordant results. He compared the speed of clotting 
of blood in oapillary tubes which had been collected from 
the same women during the menstrual and intermenstmal 
periods. In some cases there was slightly delayed cbtting 
of the blood shed from the general circulation during men- 
struation, but in other cases there was no appreciable delay. 
Rimilnr variations occur in the speed of the clotting of tite 
blood of apparently normal males when coagulation is 
observed in capillary tubes, but usually cannot be detected 
when clotting occurs upon a surface which does not adhere 
to blood, such as paraffin wax. Individual variations in the 
adhesiveness of the blood during menstruation thus appears 
more probable -than the presence of variable amounts of an 
anticoagulant. 

T3ie onset of menstruation has recently been compared 
to anaphylactio shock (Oarlini, 1924), and it might 1» 
inferred that -the lack of coagulability of menstrual fluid ia 
rimilar -to the hypoooagulability of the blood during anaphy- 
laxis. It has, however, been mentioned that the coagola- 
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bility of the blood is increased in mild anaphylaxis, and it 
seems improbable that any changes occur in the blood during 
menstruation that are similar to those \rhich suppress blood 
clotting ia severe anaphylactic shook. This conclusion is 
supported by the observation of Eufinger (1926) that the 
stability of blood plasma is decreased during menstruation. 

The Allied Presence tA a Spedflc Anticoagalant in 
Menstrual Fluid 

Many observations, particularly those of Nov4k and Te 
Liade (1924), demonstrate that disintegration of the endo- 
metrium is an essential feature of menstruation. Menstrual 
fluid differs from blood shed from the systemic circulation 
as it contains the products of this lysis. It is, therefore, of 
importance to determine if the uterus or ovaries contain 
anticoagulants. 

Extraction of the female genital organs has yielded 
variable results. Blristea and Beak (1910) could not obtain 
any anticoagulant by salt-extraction of the uterus. SchikelS 
(1912) also failed, Wt he obtained an anticoagulant from 
uteri which had been subjected to great pressure. Bell 
(1913-1914) could not, however, extract any anticoagulant 
by the latter method. Employing a Buchner press which 
gave a pressine up to four hundred atmo^heres. King (1921) 
obtained an antithrombin from eight out of fourteen uteri of 
non-pregnant pigs, and two out of eight pregnant uteri gave 
similar material. An anticoagulant resembling heparin was 
obtained from sixteen other uteri, which did not contain 
antithrombin. But the release of such bodies by the 
necrosis of the eudometrimn would not explain the main- 
tenance of the fluidity of the menstrual discharge. The 
presence of thrombin shows that the suppression of its forma- 
tion by a heparin-like body, if it occtus, is only partial, and 
it is also clear that some of the thrombin of menstrual fluid 
is not neutralised by any anticoagulant. It has already 
been mentioned that the coagulant action of thrombin is 
cumulative by releasing bound prothrombin. A minimal 
quantity thus suffices for the complete clotting of died blood. 
The occurrence of both active thrombin and fibrinogen in 
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menstrual blood -whicb retains its fluidity, therefore 
iremains unexplained. ’ 

Substances which alter the speed of blood coagulation 
have been extracted from the ovaries by Burokhart-Socin 
(1916) ; one called “ luteolipoid ” hastens clotting, the 
other named “ Hpamine ” enoomages the menstrual flow. 
It is probable that these bodies are products of the dis- 
integratioii of the protein-phospholipm complexes of OTOtian 
cells, but it has not been shown that they exist m a free 
condition in ovarian secretions. More interesting is the 
statement of Pellner (1924) that blood obtained either from 
the placenta or from the corpora lutea of guinea-pigs 
possesses the power of suppressing the coagulation of both 
systemic and menstrual blood for several days. PfumBT^ 
placental blood is said to possess like properties. In explana-" 
tion of these observations, Fellner suggests that a ig 

produced in the corpus luteum, is discharged into the uterus, 
and there inhibits blood coagulation. But Allen and Doi^ 
(1927) conclude from a review of the current knowledge of 
cestral hormones that a specific hormone from the corpus 
luteum, different from that of the follicle, does not seem to 
be a necessEtry causal factor of the menstrual cycle. 

A substance which restrains the clotting of blood and is 
also toxic to plants is said by Maoht (1924) to be present 
in menstrual fluid, and Aschner (1927) maintains that one of 
the functions of menstruation is the removal of toxins from 
the body. But Schubert and Steading (1926) could not 
find any toxic substance in normal menstrual fluid. The 
possibility of the absoiption of the products of the coUoido- 
clasis of plasma during abnormal menstruation and in poa{- 
partum hsemonhage should, however, be investigated. 
Such an occurrence might well produce auto-intoxication 
with a febrile reaction, similar to that following the intro- 
duction of a foreign protein into the circulation. 

A Note on the Arrest <A Uterine Bsemorrliage 

It appears established that uterine blood possesses all 
the properties of systemic blood and that if anticoagulants 
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are liberated durizig menstruation their influence is of 
minor importance in the clotting of freshly ^ed menstrual 
blood. In short, menstrual blood always clots. 

It has been shown that some hsemostatics increase the 
coagulability of the blood when administered either orally 
or subcutaneously. Of these preparations, both crude 
cephalin and the tissue extract called “ fibrogen ” are 
particularly active when ingested. These conclusions sug- 
gest that thdr oral administration might prove of value in 
obstinate uterine haemorrhages, especially when the bleeding 
arises from the rupture of capillaries by congestion. 

Pnerpetal Blood 

Attention has already been directed to the increase of 
fibrinogen and to the decrease of the capacity of the plasma 
to retain its corpuscles in suspension during the puerperal 
state. The importance of these occurrences in the genesis 
of thrombi has also been pointed out. Other changes are 
said to occur. According to Whhlisch and Bohnen (1924), 
the citrated blood of pregnant women contains fine, elastic 
threads of fibrinogen, which adhere to the erythrocytes. 
It is suggested that the presence of these threads accounts 
for the rapid sedimentation of the red blood corpuscles in 
pregnancy. If verified, these observations are of consider- 
able importance, as the presence of threads in the plasma 
might contribute to the formation of thrombi in the puerperal 
state. MoDonagh (1925) states that directly pregnancy 
commences, the protein particles of plasma umdergo changes 
which are characteriiatic of dehydration and lysis. Some 
of the particles are said to split up before going into solution, 
others to agglutinate and show a tendency to precipitate. 
Proof of these statements appears, however, to be lacking. 

Ubanges in the coagulability of the blood have been 
described by Manuel and Moreira (1926) in both normal and 
toxsemic pregnancies. In normal cases, the speed of blood 
cbtting in a capillary tube is either unaltered or slightly 
decreased, the delay in coagulation bemg more evident when 
the time of accouchement approaches. Variations in 
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coagulability are said to continue after normal parturition 
and may be more marked than those occurring during 
gestation. In eclamptics the speed of blood clotting may 
be either decreased or increased, and hypercoagulability 
seems evident in puerperal toxaemias. The use of a capillary 
coagulimeter in these experiments throws, however, some 
doubt on the conclusions reached. The comparatively 
small differences observed may be due to changes in the 
adhesiveness and viscosity of the blood and not to alterations 
in the capacity to clot. These observations should be 
repeated with blood shed on paraffined surfaces. Under 
these conditions small variations in the coagulability are 
patent and are not masked by changes in adhesiveness. 



CHAPTER XIV 


The Blood o! Abnormal Bleeders 

Til© characteristics of hsemophilia and of purpura hsemorrhagica — 
The classification of haemorrhagic disorders — The hereditary aspects 
of abnormal bleeding — ^The aetiology of haemophilia — The relation- 
ship of haemophilia to purpura haemorrhagica — ^The aetiology of the 
purpuras and of other haemorrhagic disorders — ^The value and signi- 
ficance of splenectomy in purpura haemorrhagica. 

A TENDENCY in certain individuals to bleed abnormally 
has long been known. It may be manifested either as 
excessive bleeding from wounds, due to delay in the coagula- 
tion of the blood, or by the occurrence of multiple haemor- 
rhages visible as ecchymoses, whilst the clotting time of the 
blood does not differ from that of a normal person. The 
former condition is now known as “ !^inpphilia/’ the latter 
as purpura hsemorrhagica.’’ 

There are other differences which distinguish these dis- 
orders. In typical haemophilia profuse bleeding does not 
usually occur spontaneously and the coagulability of the 
blood may vary from time to time in the same individual. 
The number of blood platelets is either normal (Sahli, 1910 ; 
Duke, 1912 ; Hess, 1916 ; Gram, 1920) or even slightly 
above normal (Hynek, 1923). The platelets are, however, 
less active in promoting clotting than are those of normal 
blood (Denny and Minot, 1916 ; Wohlisch, 1923), but this 
may apply only to their capacity to clot hsemopMlic blood 
(Fiessly and Tried, 1924). They may disintegrate less 
rapidly than normal platelets (Davidson and McQuarrie, 
1925 ; Howell, 1926, 1). The blood clots are exceptionally 
fragile and are thus ineffective in restraining bleeding (Addis, 
1910-1911; Holf, 1913; Hynek, 1923). The duration of 
bleeding from skin punctures is not excessively long (Hess, 
1916 ; Roskam, 1923) ; the capillaries are not exceptionally 
fragile and the morphology of the platelets is normal. 

185 



186 BLOOD PLASMA IN HEALTH AND DISEASE 

In typical purpuia hsemorrhagica the hsemoixha^ are 
apparently spontaneous. There is a marked shortage of 
blood platelets (Denys, 1887 ; Duke, 1912 ; Erauk, 1916 • 
Gram, 1920) and deviations from the normal occur in theii 
size and shape (Hess, 1916). Giant platelets are commonly 
present and may represent masses of platelets which have 
passed into the oiroulation before maturity (Piney, 1927). 
The clots formed in shed blood do not usually contract 
normally (Hayem and Bensaude, 1901 ; Nolf, 1913). The 
frequency and severity of the haemorrhages vary inversely 
vrith the number of platelets and with the capacity of the clots 
to contract (Morawitz, 1926, 1). The duration of bleeding 
from skin-punctQres is excessively long (Duke, 1916 ; TTfinfl 
1916 ; Boskam, 1922-1923, 1927), and the capillaries are 
more easily ruptured than those of normal persons (Hess, 
1916). In the cases which have attracted my attention 
there were no abnormalitieB in the fragility and coagulant 
quality of the platelets. 

Another distinction is described by Christie (1927). The 
second to the seventh drops of either pxupuric or normal 
blood, obtained by skin-puncture, show increased speeds 
of clotting which remains almost constant. HeemopMlic 
blood similarly shed by a second bleeding exhibits a de- 
creased coagulation-time, but subsequent bleedings show a 
rapid return of inhibited coagulability. 

Despite these distinctions, a hard and fajst line cannot 
always be dravra between haemophilia and purpura hsemor- 
rhagica. Cases will be cited later which exhibit some of the 
characteristics of both disorders, and a case will be des(mhed 
in which hsemophilic and purpuric conditions alternated. 

The dassiflcatiaa dt Heemoirhagio Bisorden 

Although nearly two hundred years ago WerlhofE (1731) 
recognised the clinical characteristics of purpura hsemoi- 
rhagica, it is only in the last few decades that sharp dis- 
tinctions have been drawn between hsemophilic and pur- 
puric states. In 1911, Bulloch and Eildes defined hs^o- 
philia as “ ap, inherited tendency in males to bleed,” and a 
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few years later, Prank (1915) described purpura as essen- 
tially thrombopema ” (or as “ thrombocytopenia ”). Both 
these definitions are not beyond all cawil, but they serve a 
useful purpose by emphasising the distinctive features of these 
disorders, and they provide a basis for the classification of 
many allied conditions. A broad subdivision of hsemorrhagic 
states is suggested by Emile-Weil and his collaborators 
(1906-1926). The term “hemogenia ’’ is used to comprise 
all cases in which a shortage of platelets is associated with 
irretractile clots and prolonged bleeding from skin-pimctures. 
When these characteristics are present, such apparently 
diverse conditions as chronic purpura, epistaxis, hsemoptysis 
and excessive bleeding from the female genital organs are 
included in this group. 

Haemophilia is recognised as a different condition, in 
which alteration in the blood plasma is the dominant factor. 
It is subdivided into hereditary and sporadic forms, the 
plasma in the latter condition being believed to be in a 
different state from that existing in the transmitted cases. 
The same writers use the expression hemogenic haemophilia” 
to comprise those cases m which the characteristics of haemo- 
phiha and purpura are present. These groupings deserve 
more consideration than has been given them in this country, 
as they direct attention to the existence of some of the dis- 
tinctive features of haemophilia and purpura in conditions 
not usually associated with these disorders. But they ignore 
the probable occurrence of different factors within the groups, 
particularly the changes which cause the localised haemor- 
rhages in epistaxis, in haemoptysis and in abnormal bleed- 
ing from the female genital organs. 

In a recent lecture on haemorrhagic conditions, Tidy 
(1926) also recognises the lack of sharpness in the clinical 
characteristics of purpuric haemorrhages. It is possible, he 
states, to trace in different individuals, and sometimes in 
the same person at different times, every grade between 
purpura hsemorrhagica, in which the effusions of blood may be 
large, and those of purpura simplex, in which they are limited 
to petechias. This is consistent with the finding by several 
observers that each of these disorders is characterised by a 
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shortage of platelets, by a normal coagulability of the blood, 
and by a loss of the contractility of blood clots (Grenet, 1916 • 
Nob6court and Tixier, 1910 ; Nolf, 1913). There is, 
no distinctive difiEerence, except severity, between these con- 
ditions. 

Sutherland and Williamson (1925) state, however, that the 
lack of any increase in the duration of bleeding from skin- 
puncture is a characteristic of purpura simplex. Thia may 
due to the shortage of platelets being less marked ihan in the 
purpura hsemorrhagica. 

Adopting the view that the essential occurrence in a 
haemorrhagic diathesis is diapedesis. Tidy (1926) suggests 
the term “ angiostsixis ” to include the chronic recurrent 
and hereditary purpuras together with various hitherto un- 
classided forms of abnormal bleeding, such as local haemor- 
rhages from the mucous membranes and the Hi-defined 
blood disorders of childhood. In view, however, of the more 
clearly defined classification of Emile-WeH, the use of this 
term in a literature already overburdened with nomenclature 
seems superfluous. In another recent review of thi# sub- 
ject, Morawitz (1926, 1) broadly divides purpuric states into 
“ essential tbrombopenia ” (corresponding with the Morbus 
maoidosus Werlholji) and “ anaphylactoid purpura,” but he 
points out that many forms of purpura almost d^ classi- 
fication. This remark also applies to several other forms of 
abnormal bleeding, such as epistaxis associated with changes 
in the coagulability of the blood and httle or no variation 
in the number of platelets, the disorders loosely described as 
“haemophilia in the female,” recurrent epistaxis with a 
normal blood-picture and coagulability, some forms of 
melseoa neonatorum and the so-called “ acquired haemo- 
philia.” In short, until more is known of the biochemistry 
and biophysics of the blood in haemorrhagic disorders and 
of the possible inter-relationship of the metabolism of the 
blood and tissues all clasdfications must be regarded as 
provMonaL Subject to these remarks, the following group- 
ings are given, with references to the authorities for their 
subdivisions. 
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aROTTF 1.— HiEMORRHAGlG CONDITIONS DUE TO DELAYED 
BLOOD CLOTTING, comprising : — 

(A) Hereditary Heemoplulia. — ^Its principal characteristics have 
already been described. 

(B) Sporadic Haemophilia. — Cbses exhibiting the clinical cha- 
racteristics of haemophilia in which hereditary transmission 
appears improbable have been described by Gettings (cited by 
Bulloch and Fildes, 1911) and by David&on and McQuarrie 
(1925). In the latter case the genealogical inquiries extended 
over three generations, and the biochemical features of haemo- 
philia were present. Several cases recorded m the literature as 
“ sporadic are, however, inconclusive, as neither histological 
nor chemical investigations were made. 

(C) Hsemophilia Calcipriva. — ^The delayed blood clotting is 
described by Hess (1916) as due to a shortage of calcium in the 

S lasma. Cases which simulate haemophilia, and are probably 
ue to the lack of ionised calcium, have also been recorded by 
Enule-Weil (1905, 1906) and by L’Abb^ (1909). There is no 
evidence of hereditary transmission. This extremely rare con- 
dition is apparently distinct from haemophilia, which is not 
characterised by calcium deficiency (Morawitz and Lessen, 
1907). 

(D) Pseudo-Haemophilia. — A number of other cases of more or 
less spontaneous haemorrhages associated with inhibited coagula- 
bility of the blood have been classed as acquired haemophilia,” 
but there is insufScient evidence that hereditary factors are not 
involved. The condition of the blood in certain cases of syphilis 
resembles that of hsemopbilia, and such cases have also^ been 
described as “ acquired hsemopbiha,” For ex^ple, Paisseau 
and his collaborators (1925) observed in a syphilitic man, aged 
63, the appearance of a hsematoma associated with a blood 
coagulation-time of sixty-five minutes. The blood platelets 
were not reduced in number, the duration of bleeding from skin- 
puncture was not prolonged, and the blood clots contracted 
normally. Injections of neoarsphenamine restored the blood to 
normality. By this reaction the condition of the blood plasma 
is distinguished from that of true haemophilia, which is not 
alleviated by the administration of arsenical compounds. Cases 
of so-called hsemophilia connected with syphilis have also been 
described by Gonzalez- Alvarez (1925). Such cases may be, 
perhaps, more appropriately described as pseudo-haemophilia.” 
But this term, unfortunately, has been used to describe purpuric 
conditions, such as the hereditary thrombastherdc purpura 
described as pseudo-haemophilia by Van der Zande (1923). 
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(E) Hs&morrha^c Tendencies due to a Shortage of the Fibrinogen 
of Blood Plasma, — ^It has already been stated that any extensive 
destruction of hepatic tissue is followed by a dinoiuution of 
blood fibrinogen. In extreme cases the blood is rendered 
incoagulable, with the consequence that any large wound is 
followed by uncontrollable bleeding. Such a condition may 
occur in phosphorus poisoning and in acute atrophy of the liver. 
Nolf (1913) states that the prothrombin of plasma is sdso destroyed. 
A sunilar condition may occur in extensive carcinoma of the 
liver. Morawitz (1923) points out that haemorrhages arising 
from a shortage of fibrmogen may be mistaken for those of 
haemophilia, in which there is no such deficiency. The “ pseudo- 
haemophilia hepatica ’’ of Prank (1926) probably belongs to 
this group. Also, the so-called haemophilia produced in the cat 
by injuring the nerves and lymphatics of the hepatic pedicle 
(Griffith and Priedman, 1926). In this condition there is a 
shortage of fibrmogen. A similar deficiency accounts for a 
human case simulating haemophilia in which the bile-duct was 
obstructed (Emile-Weil and Stieffel, 1926). 

(F) A Tendency to bleed excessively from Wounds arismgfrom an 
Increase of Stabilismg Material in the Plasma. — ^Increased thermo- 
stablhty of the blood associated with a capacity of slightly 
delaying the inception of the clotting of normal blood has been 
described in cases exhibiting the clinical characterisitics of 
haemophilia (Pickering and Gladstone, 1925, 1). Indications of 
an excess of stabilismg material in the blood have also been found 
in haemorrhagic disorders associated with grave hepatic disease 
(Hartmann, 1927). It is possible that abnormal autolysis in 
the liver may liberate heparin and so delay the inauguration of 
blood clotting. 

GROUP 2. — ^THE PURPURAS. — ^Bleeding occurs as effusions 
into and beneath the skin, and in the mucous membranes. 
There is no marked alteration in the coagulability of the 
blood. Tiiis group may be subdivided as follows : — 

(A) Purpura Hsemoirhagica. — The principal features of this dis- 
order have already been mentioned. It may also be stated 
that its onset is relatively slow and its continuance may he pro- 
longed, the parts commonly affected being the trunk and head 
(Morawitz, 1926). Cessation of bleeding may occur, however, 
without any changes in the blood-picture (Piuey, 1927) In 
its atypical forms, one or more of the distinctive features (except 
the escape of blood from the vessels) may be either absent or 
nearly absent. Chronic cases occur in which severe thrombo- 
cytopenia is associated witibi a normal duration of bleeding from 
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skm-pmetures, whilst in other cases there is hardly any shortage 
of platelets and a very prolonged bleeding-time ” (Roskam, 
1922-1923). According to Morawitz (1926, 1), purpura haemor- 
rhagica does not occur in infants, but indications of this condition 
will be cited later. 

(B) Anapliylactoid Purpuras. — ^These conditions are associated 
with infections. They are distinguished from purpura hsemor- 
rhagica by the presence of a normal number of blood platelets 
as well as by normality in the bleeding from skin-punctures 
and in the contractility of blood clots. Other distinctive features 
may be summarised as follows : — (1) The development of the 
disorder is more rapid than in purpura hsemorrhagica (Morawitz, 
1926, 1). (2) Both the erythrocytes and vascular endothelium 
are exceptionally fragile (Silbermann, 1890 ; Bittorf, 1900). 
(3) Mild cases show didSise haemorrhages close to the hair follicles, 
which soon disappear by absorption. In chronic cases the 
haemorrhages are often urticarial and may be preceded by oedema. 
In acute cases the bleedings are not limited to the skin, but may 
be subperiosteal, intramuscular or intravisceral, and there may 
be lysis of neutrophile leucocytes (Morawitz, 1926, 1). In its most 
severe form the hsemorrhages spread with alarming rapidity, 
and this condition was aptly described by the earlier writers as 
“ purpura fulminans Both peliosis rheumatica ” and pur- 
pura abdominalis ” are included in this group by Morawitz 
(1926, 1). According to Glanzmann (1918), ^e majority of oases 
of purpura are of anaphylactoid origin. A similar view is 
implied by Wendt (1925), but is not generally accepted. The 
use of the term “ anaphylactoid ” to describe the disorders 
should be regarded as provisional, as it is not established that 
the actual changes correspond with those produced by the 
experimental iniroduotion of foreign matter into the blood- 
stream. Many of the purpuras now classed as “ anaphylactoid 
were formerly described as “ toxic,*' and this grouping is, perhaps, 
preferable. But some of the pu]^uras produced by toxic con- 
ditions, as in benzol poisoning, exhibit extreme thrombocytopenia. 
Attention is direct^ to the isolation of a haemolytic organism 
in a case of anaphylactoid purpura (Bullmore and others, 1926). 
The present writer observed purpuric haemorrhages in the limbs 
of a person suffering from protein shook, following the administra- 
tion (contrary to the makers’ instructions) of fibrogen after 
hemoplastin. There was no thrombocytopema, and the bleeding 
and blood-coagulation times were normal. Some of the purpuras 
complicating pregnancy may possibly fall into this group, since 
there is often no deviation from normality in platelet count, in 
bleeding time and in the contractility of blood clots (Rushmore, 
1925), According to de Lavergne and Bize (1924), the purpuras 
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which sometimes follow the administration of antipyrin, neo- 
arsphenamine, anti-serums and vaccines are anaphylactic but 
this classification should also be regarded as tentative, and the 
term “ anaphylactoid ” substituted. 

(C) Hmmorrhages of Scurvy. — ^Extravasations of blood of the 
purpurio type occur in the skin and mucous membranes, the 
periosteum being affected in severe oases. A distinctive feature 
is the swelling and bleeding of the gums. There is only a slight 
alteration in the coagulability of the blood, the platelet count is 
nearly normal, but the fragility of the capillaries is markedly 
increased (Hess and Eish, 1914). In experimental scurvy, 
produced by vitamine deficiency in guinea-pigs, degenerative 
changes in the vascular endothelium associated with csdema in 
surrounding tissues are evident. No actual breaches are apparent 
in the vascular wall, but there is a strong suggestion of the escape 
of blood corpuscles by diapedesis (Kndlay, 1921). 

(D) So-called Haemophilia in the Female. — ^In many of the cases 
where a detailed examination of the morphology and biochemistiy 
of the blood has been made, this condition shows one or more 
of the characteristics of purpura hsemorrhagica. The hsemor- 
rhages often occur as menorrhagia or as epistaxis. 

(E) Unclassifled Purpuras. — ^Examples are afforded by “ner- 
vous puipuras,’* including stigmatisation and haematodrosis, 
by the purpuras of acute infectious diseases, by those of chronic 
disturbances of nutrition and of senility. In the last-named 
condition definite vascular changes occur (Morawitz, 1926, 1). 

GEOBP 3.— HiEMOBBHAGlC CONDmONS COlOECTINa 
HiEMOPBXLlC AND PUEFUBIG STATES. — ^Instances of these 
disorders will be cited later. 

GBODP 4. — EPISTAXIS. — Profuse bleeding occurs from 
the nose when there is no evidence of trauma. The follow- 
ing forms may be distinguished : — 

(a) The abnormality appears in both sexes during adolescence 
and disappears in later life. It is characterised by a normal speed 
of blood clotting (Lane, 1916). 

(b) The bleeding occurs in adult females and is associated with 
a normal coagulability of the blood during the hsemorrha^o 
periods and suppressed coagulability during the intervening 
periods. The “ blood-picture ” is normal (Secco, 1924). 

(c) The haemorrhages are associated with a shortage of blood 
platelets and a normal speed of blood clotting. (Sutherland and 
Williamson, 1925 ; Sooy and Morse, 1926 ; Giffen, 1927.) 
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{i) The epistaxis is paxfc of a general syndrome in which, 
bleeding occurs from the month, uterus and digestive tract. 
The hsemorrhagic condition may be increased during menstrua- 
tion and may be associated with thrombocyfeopenia. Increased 
fragility of the oapHlaiies is indicated by the production of bleed- 
ing by slight pressure on the skin (Hamilton and Waugh, 1924). 

(e) The only apparent abnormality is an increased fragility 
of the nasal capiU^es. 

GROUP 6.— RETINAL HiEMORRHAGES — An adequate 
classification of retinal haemorrhages from the standpoint 
of haematology has not yet been made. Its desirability is 
illustrated by the occurrence of retinal bleeding in disorders 
involving different conditions of the blood, such a& in haemo- 
philia (Moore, 1926), during a purpuric syndrome (Hamilton 
and Waugh, 1924), in adolescents exhibiting haemorrhagic 
tendencies with altered coagulability of the blood and as a 
sequel to thrombosis in the region of the eye. 

On the clinical side, Moore (1926) su gg ests the following 
groupings : (i.) Haemorrhages associated with disorders of 
metabolism, as in renal disease, diabetes and scurvy, (ii.) 
Those due to diseases of the haematopoietic system, in 
which he includes “ atherosclerosis/^ (iii.) Bleeding pro- 
duced by congestion following venous obstruction, (iv.) 
Haemorrhages due to diseases localised in the eye. 

Both Moore (1926) and Duke-Elder (1927) conclude that to- 
function of the capillaries occurs commonly in retinal bleeding 
and is a cause of the escape of blood either by rupture or by 
diapedesis. These observations suggest a relationship between 
the condition of the capillaries m such cases and that found in 
thrombocytopenic purpuras. 

In adolescents spontaneous retinal bleeding may be associated 
with either increased or decreased coagulability of the blood. 
When the blood is hypercoagulable, improvement may follow 
the oral administration of citrates ; when the coagulability is 
decreased, calcium lactate may produce beneficial results (Taylor, 

GROUP 6.— HAEMORRHAGES OF THE NEW-BORN-— The 
bleeding may be intracranial or from the mucous membranes. 
In true mdoma the intestinal tract is commonly 

affected. There are at lea^t four types in this group: — 
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(A) Bleeiiag from Trauma caused during Birth TKmq « 

(fctingmshed by a normal coagulabiUt? of the Wood T 
shank, 1924) and by a normal blood picture. (Cruick- 

Hemorrhages associated with Impaired Coagulabilitxr 
Blood. ^This condition characterises true melcem •mmni ^ 

In severe cases the clotting time may be greatl^^f 
(Schloss and Commissky, 1911 • Rodda T 0^ • n 
1924). Aooorfing to (1926 D ^ dSi 
a contributory factor. birth is often 

(C) Hemorrhages due to Toxic Conditions.— These mav a ,. 

to infection of the alimentary canal after birth 

(1925)dte tie oaoeolboMA, aged 

^ purpura and mehena neonatorum 

ttV I related to Purpura Hsemorrhagica.— A case in 

nSi !k of platelets is mentioned by C 

(1925). AbnormaUy prolonged bleeding time associated S 
suppressed blood clotting, is described by Rodda (192m and 
pantile P^^ma, with some of the characteristics of hsemophilia 
was noted by Payan (1926). A more definite case of SS’ 
cytopemc pu^nra m a child aged four and a half months is 
recorded by Greenwald (1927). “ 


The Hereditary Aspects of Abnormal RlepfHng 

In the Moorish era, Albucasis (1519) described men who 
when wounded, suffered uncontrollable bleeding wMcli 
caused death. Several centuries later, Otto (1803) men- 
tioned a family of hereditary bleeders in which some of the 
males were affected, hut the females, though unaffected, 
were capable of transmitting this abnormahty to their male 
cWldren. During the next two decades several pedigrees 
of heemophilics were published, and from these Nasse (1820) 
formulated the generalisation associated with his name, 
stating that only males are subject to haemophilia and that 
transmission occurs through apparently normal females. 
Several important works followed. Grandidier (1855) col- 
lated a large amount of information and concluded that 
hmmopMha occurs in women. Legg (1872) rejected this 
conclusion, noting that spontaneous haemorrhages in women 
are usuaUy associated with sexual disorders and that in such 
cases bleeding from wounds is not excessive. Neglecting 
these distmctions, de Bovis (1905) described as “h®mo- 
phihc various forms of immoderate bleeding in women, 
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including epistaxis and uterine hsBmorrliages. A more 
cautious conclusion was reached by Boy6 (1909), who defined 
hsemopMKa as “ a hereditary or isolated tendency to either 
spontaneous or provoked bleeding.” This definition he 
qualified by describing the hereditary disorder as “true 
haemophilia ” and the non-hereditaxy cases as “ haemophilio 
states,” which comprise a number of diseases. In an 
exhaustive monograph, Bulloch and Pildes (1911) analysed 
earlier records and found that many of the statements point- 
ing to haemophilia in the female were based on hearsay. 
They also noted that haemorrhagic disorders are much less 
common in the females than in the males of haemophilio 
families. In forty-four such families only ten were found 
to contain females who bled excessively, and these cases 
only superficially resembled haemophilia in the male. The 
so-called exceptions to the generalisation of Nasse, in which 
haemophilia ‘is said to be transmitted by a male, were 
explained as probably due to inter-marriage with a woman 
who, though apparently normal, was the actual carrier. 
Subsequent inquiries have largely justified this conclusion. 
Although Lenz (1923) and other writers describe certain 
haemorrhagic conditions in women as examples of haemo- 
philia, convincing evidence is lacking of any case in which 
the characteristics of that disorder, as summarised in the 
opening paragraphs of this chapter, are either present in 
the female or transmitted by a male. 

The existence of haemophilia in the female is, however, 
possible, and its rarity could be explained on Mendelian liaes. 
It is generally recognised that haemophilia is a sex-linked and 
rece^ive condition. Kney (1927) points out that the fertilisa- 
fion^'of the X chromosome of an ovum carrying the recessive 
factor by the X chromosome of a haemopldlic sperm would 
produce an affected female. He suggests that the infrequency 
of such a union would account for the rarity of female haemo- 
philios. But it seems equally probable that the offspring of 
such a tragic mating would not survive till birth. 

Two recent writers maintain that a hasmophilic male can 
transmit the disorder through his daughter to a grandson. 
Hiss6 (1927) publishes a pedigree show^ three cases. His 
conclusion illustrates the dubiety of judging solely from clinical 
evidence. Fortunately he records lie sp^ of blood clotting 

o 2 
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in these cases as 4 mins. 30 secs., 6 mins. 30 secs., and 9 mim 
respectively, and in one of the affected subjects he found only 
87,000 platelets per cmm. of blood. It is patent that the 
of the blood differs from that of a hsemophilic, and in one of the 
cases thromboc 3 rtopemo pnrpura is indicated. Maj»TriiT, ( 1928 ) 
reaches her conclusion by deductions from the MaTiHaHor. 
and from olmical records which have not been sifted by modem 
methods. Recent investigations have not, however, lent any 
support to these suggestions. A renewed inquiry int.n t]ie 
Mampel family of hsemophilios affords no evidence of trans- 
mission through a male during six generations (iOug, 1926), and 
a similar lack of evidence is apparent m an ATnftTina ,^ family 
with a pedigree including eight generations (Davidson and 
MoQoarrie, 1925). 

Excessive bleeding, particularly from the genital organs, 
is more common among the females of hsemophilic familiftfi 
than in families in which the males are normal. In 
addition to the cases described later, the female bleeders 
of hsemophilic families may exhibit thrombocytopenia 
(Baner and Wehefitz, 1924, 1926), or the tendency to bleed 
immoderately may be associated with a normal speed of 
blood clotting, as in the case recorded by Wa.rde (1923). 
A suppiressed or latent hsemophiha, indicated by a ^htly 
increased clotting time of the blood, has been observed 
in the females of hsemophilic .families, but these women 
do not exhibit typical hsemophilia as it occurs in men 
(Sehloessmann, 1925). 

In two families in which the males exhibited mild forms of 
hsemophilia and in which the transmission conformed to 
“ Nasse’s Law,” the present writer found that the mothers 
of the affected males exhibited blood-clotting times which 
remained within normal limits during a period of three 
years. In another case the female carrier of severe hsetno- 
philia periodiosilly showed slight variations in the speed of 
clotting, the times required for complete coagulation at 
16° C. varying between six minutes smd eleven minutes. 
Such variations may, howev^, occur in both the males and 
females of apparently normal families. Other departoies 
from normality apparently exist in the blood of the mothers 
of hsemophilic males. Opitz and Lweig (1924) describe 
decreased peoneability of the erythrocytes and state that the 



THE BLOOD OF ABNORMAL BLEEDERS 197 


senuu contains an excess of oaldum, but lacks the fay- 
panocidal power of normal sera. 

The absence of typical haemophilia in the female requires, 
however, some esplanation. From an analysis of the cases 
collected by Bulloch and Fildes and from those filed in the 
Eugenic Records Ofi&ce, Little and G-ibbons (1921) suggest 
that a sex-linked lethal faetor eliminates the affected 
females. A similar conclusion has recently been reached by 
Mohr (1926) from a study of the mortality in a different 
group of oases. 

The probability of a correlation of " blood groups ” with 
the transmission of hsemoplulia has attracted attention. 
Both Moritsch (1926) and HubAnyi (1926) state that in a 
family they examined, the affected males had the same 
blood group (11.) as their mother, whilst the males with a 
diSerent blood group escaped the hsemophilic taint. La 
KubAnyi’s case the unaffected males were in Group EH. 
More recently, Kubanyi (1927) found only Groups H. and 
IV. in the survivors of the Mampel family of hsemophilics. 
Four males are severely affected, and each belong to 
Group IV. There is no unaffected male in this group. 
Renewed investigation on a broader basis is desirable. It 
mi^t provide the data for prognosis in the sens of hsemo- 
phLios long before a haemorrhagic tendency is apparent. 

Other forms of haemorrhagic disorder may be conveyed 
from parent to offering, but the transmission is not sex- 
linked. Some of these cases simulate haemophilia, but are 
distinguished, from that disorder by the presence of one or 
more of the characteristics of purpura haemorrhagica. For 
example, Vesel;^ (1923) describes a case in which suppressed 
coagulability of the blood was associated with thrombo- 
cytopenia, as “haemophilia transmitted by the male.” 
The father, grandfather, and brother were excessive bleeders, 
as well as a cousin (the son of a maternal aunt). The 
women were free from the disorder, which, unlike haemo- 
philia, ceased at the age of twenty. Oth^ families contain 
members of both sexes who suffer during adolescence from 
copious and recurrent epistaxis, associated with blood 
possessing normal coagulability (Lane, 1916). Hereditary 
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ptirpuras are mentioned by several -writers (Pratt, 1906 • 
Glanzmann, 1918, 1926; Tidy, 1926), but comparatiT^y 
little attention has been given to the morphology and bio- 
chemistry of the blood in these disorders. The transmitted 
forms axe sometimes of the thrombocytopenic type, but 
Glanzmann states that in nine families, in some of -which the 
purpuric tendency could be detected m three generations, 
-the platelets -were not reduced in number, but showed 
definite malformations. 

Familial relation^ps between chronic purpuras, hsemtir 
turia and epistaxis are also mentioned by Glanzmann, 
whilst haemoptysis afifectmig a family of seven has been noted 
by Ldbman and Ottenberg (1913). Giffen (1927) deaftr ibeg 
hsemorrhagio disease during four generations in which only 
the maternal line was a.£fected ; -the manifestations included 
epistaxis, haemoptysis and menorrhagia. Hereditary td- 
angiectasis affects both sexes, and is often associated with 
epistaxis (Davenport, 1912 ; Williams, 1926 ; MeMe, 1927). 
A familial relationship between phlebitis and profuse bleed- 
ing is claimed by Emile-Weil and Bloch (1920) amd here- 
ditary haemorrhoids are mentioned by Lahiri (1925), 

The iEtiology of Haemophilia 

Pathologists agree that the principal defect in haemo- 
philia is the suppression of the coagulability of the blood, 
but no unanimity exists as to -the cause of this condition. 
The first attempt at a biochemical explanation appears to 
have been made by Sahli (1906, 1910). He found that the 
same amount of fibrin is obtainable for both haemophiho 
and normal blood and suggested that the delayed blood 
clotting of hsemophiha is due to a shortage of -thrombohinase 
(cytozyme), either in the wounded tissues of the bleeders, 
or in the formed elements of their blood. Certain facts 
are consistent with the latter suggestion. Blood obtained 
by venepuncture from haemophilics may remain fluid for 
several hours, but that shed by finger puncture clots much 
more rapidly (Emile-Weil, 1906 ; Nolf and Herry, 1909, 
1910). Moreover, the addition of tissue extracts to hssmrh 
phiho blood hastens its coagulation (Morawitz and Lessen, 
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1907). A sliglitly different hypothesis also esplams the 
facts by postulating that the material in plasma which is 
to be derived from blood corpuscles, though present in 
normal quantities, is deficient in activity (Nolf and Herry, 
1909, 1910). Recent research has not added any support 
to these suggestions. Comparative testa with tissue ex- 
tracts obtained from hsemophilio and normal persons have 
convinced several observers that in haemophilia there is 
neither a shortage nor loss of activity of the tissue juices 
that promote clotting (Addis, 1911 ; Minot and Lee, 1916 ; 
Lowenburg and Rubenstone, 1918), whilst mmilar work 
suggests that this conclusion applies to the participant in 
PO ff. gnTfl.t.inTi which is derived from the formed elements of 
the blood (Addis, 1911 ; Wohlisoh, 1923). Nevertheless, 
the theory of Sahli is stO current (Morawitz, 1926, 1), and 
li»iT¥>ftphiTia has been classed with cystinuria and alcap- 
tonuria as a disease dependent on the lack of an enzyme 
(Vines, 1920). 

It was demonstrated by Addis (1910-1911, 1911) that 
}i«Tnnp>ii1ift blood is clotted as rapidly by thrombin as is 
nnminl blood, and that the thrombin obtained from the 
blood of “ ble^ers ” is as active a coagulant as that prepared 
from normal blood. Other researches show that fibrmogen 
and thrombin are neither deficient ha quantity nor altered 
in quality (Klinger, 1918 ; Wdhlisch, 1923) and that calcium 
is present in normal concentrations (Morawitz and Lossen, 
1908 ; Nolf, 1913 ; Hess, 1915). Several observers have 
devised experiments which indicate that the suppression 
of dotting is not due to the neutralisation of thrombin by 
n.T^^t.i^limTwbiTi (Howell, 1914; Hess, 1915; Hurwitz and 
Lucas, 1916 ; Klinger, 1918 ; Biessly, 1922 ; Mills, 1926, 3). 

The remaining participant in clotting — prothrombin — 
is also stated by Addis to be present in normal quantities, 
but several writers have opposed this conclusion (Howell, 
1914 ; Hurwitz and Lucas, 1916 ; Klinger, 1918 ; Fiessly 
and Fried, 1924; Fiessly, 1924). Of these critics, the 
first and the last have retracted thdr opinion (Howell and 
Oekada, 1926 ; Fiessly, 1926, 3), whilst the experiments of 
Pickerii^ (1926, 1) and of Frank and Hartmann (1927) sup- 
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port those of Addis. Having found that all the geaerafly 
recognised participants in. blood clotting are present in 
normal quantities, Addis (1911) concluded that the defect 
in hsemophilia is that a longer time is taken for the con- 
version of prothrombin into thrombin. The cogency of 
this statement is now generally recognised, and contemporary 
research is mainly directed to elucidating the cause of the 
delay. Several hypotheses have been offered. It is sug- 
gested that the prothrombin is so altered that its capacity to 
react normally is impaired (Addis, 1911 ; Mills, 1926, 3). 
But the prothrombin separated, by various methods, 
hsemophilic blood is as active as that obtained from n orma.] 
blood (Howell and Odkada, 1926). As an altematire 
explanation, the presence of a specific substance which 
prevents change in prothrombm was postulated (Piessly, 
1924, 2, 1925), and Howell (1926) suggested its identity 
with heparin. Subsequent experiments showed, however, 
that this explanation is inadequate (HoweU, 1926, 1), 

In later papers from the same laboratory it is stated 
that the platelets of hsemophilic blopd are more stable than 
those of normal blood and that the slowness of their dis- 
integration completely accounts for the delayed clottmg 
(HoweU and Cekada, 1926 ; Howell, 1926, 2), In three 
hsemophilic bloods which I have recently exammed the 
unwashed platelets were more resistant to lysis by contact 
with water-wettable surfaces than are those of normal 
blood, and it appears probable that this property is an impor- 
tant factor in hsemophilia. Several facts suggest, however, 
that it is only one of the conditions which maintaia the 
abnormal fluidity of the blood. The addition of saponin 
(in concentrations of ^ lo.^o ' o ) ^ hsemophilic blood 

completely disintegrates its platelets, but such blood may 
remain unclotted for twenty or thirty minutes after the 
lysis. Beaumont and Dodds (1926) &d that hsemophilic 
corpuscles do not exhibit abnozmal resistance to hypotonic 
saline, and Christie and his collaborators (1927) note that 
hsemophilic blood after either dilution with water or wh^ 
ping without deflbrination (which destro37S platelets) stUl 
dots more slowly than normal blood. It may be added that 
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the blood platelets of hsemophilics which have been washed 
with isotonic saline rapidly disintegrate on water-wettable 
stufaces. This suggests t^t hsemoplulio platelets are en- 
closed in a film of relatively stable plasma, which partially 
prevents their disintegration. It thus appears probable 
that the essential abnonnahty in hsemophilia is an increased 
stability of the blood plasma. 

In the discussion of the stability of normal blood in mvo, 
it has been mentioned that much of the prothrombin is so 
firmly bound to other plasma protem that it remains stable 
imtil released from its union with fibrinogen, and that the 
actual inception of clotting is due to changes in the loosely 
boimd prothrombin, which is readily dissociated when the 
blood is shed on water-wettable surfaces. It seems probable 
that in haemophilia nearly aU the prothrombin is firmly 
bound, and that the slowness of its dissociation from plasma 
complexes accounts for l^e prolonged continuance of the 
fluidity of shed blood. In support of this suggestion 
it may be mentioned that the shaldng of hsemophilic 
blood with chloroform produces rapid olottiag, and it 
has been shown that chloroform frees prothrombin from 
bondage. 

Over a century ago, Nasse (1820) suggested that in haemo- 
philia there is a defect in the growth of the blood. Several 
facts support this suggestion. At the stage of devdopment 
when prothrombin and fibrinogen first appear in the lower 
vertebrates and in the embryos of birds and mammal^ 
the blood remains stable at room temperatmes, but is 
clotted either by raising the temperatures to 30®-40®C., or by 
the addition Of tissue extracts. Hsemophilic bloods behave 
similstrly, but the temperature at which rapid clotting occurs 
spontaneously may vary between 30°-46° 0. It thus appears 
that the distiaotive feature of both hsemophilic blood and 
that of lower vertebrates and embryos is the exceptional 
stabiliiy of the fibrinogen-prothrombin complex of the 
plasma. From these facts, it has been suggested that in 
haemophilia there is a persistence or a reappearance in adult 
life of an embryonic condition of the plasma (Fickering and 
Gladstone, 1926, 1). 
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Tb6 Bdatknudiip of Hsemopbilia to Pimnira 

Two family histories of haemorrhagic disorders, recorded 
by Hess (1916), illustrate the relationship of these con- 
ditions. In the first, two of the males exhibited all the 
characteristics of haemophilia, and their female cousin by a 
maternal aunt was a bleeder of the purpuric type. At the 
age of ei^t years she suffered from epistaxis, which occurred 
almost daily for a year. The extraction of a tooth was 
followed by haemorrhage which lasted for a week, but there 
was no marked suppression of the coagulability of the blood. 
Later in her life all the characteristics of purpura haemor- 
rhagica appeared. In the second family a brother and 
sister were under observation ; the male exhibited the dis- 
tinctive features of haemophilia, the female those of purpura 
haemorrhagica. Attention has already been directed to the 
finding of a shortage of blood platelets in three female 
bleeders who were members of a haemophilic family, hi 
another female bleeder the blood platelets were reduced to 
90,000 per o.mm., the blood remained fluid for three days 
after shedding, whilst oozing continued from a pricked ear 
for a day (Emile-Weil and Stieffel, 1920). In males, like- 
wise, the oharaoteristics of haemophilia and purpura haemor- 
rhagioa may co-exist. An instance has already been cited 
in which the transmission is said to have been from father to 
son. In another male the shed blood remained fluid for 
three and a half hours, whilst bleeding from skin-punoture 
lasted six hours. In this case the number of blood plate- 
lets was, however, only slightly reduced, being 280,000 
per c.mm. (Koranyi, 1926). Other transitional cases have 
recently been published. In both a boy and a man the 
clinical indications of haemophilia, namely haematoma, 
haemarthrosis and delayed blood clotting, co-existed with 
prolonged bleeding from skin-punctuTes (Emile-Weil and 
Isch-Wall, 1926, 1), and similar cases are recorded by other 
writers (IS^klen and Woolf, 1926, 1, 2; Comby, 1926; 
Payan, 1926). 

In the following case an alternation of hsemophilic and 
purpuric states is apparent in a male : — 
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This individual is stated to have suffered from profuse bleeding 
from small wounds during childhood. He came under my 
observation when aged 38 years, 4 months. At that time his 
blood (obtained by venepuncture) remained fluid on glass at 
17® C. for 40-60 minutes, and the number of his blood platelets 
varied from 340,000-364,000 per c.mm. Six months later his 
blood-clotting time at 17® C. on glass was 3-4 minutes, his 
bleeding time from ear punctme was 3-4 minutes, and his 
platelets numbered 342,000 per c.mm. The periodic variations 
in the coagulability of the blood found in haemophilia were thus 
present. At the age of 40 years petechise and ecchymoses 
appeared, his blood platelets were reduced to 84,000-90,000 per 
c.mm., and bleeding from ear puncture lasted for 17-24 minutes. 
At this date his blood-clotting time on glass at 17® C. varied from 
11-12 minutes. A year later the external indications of purpura 
had disappeared, the platelets had increased to 322,000 per c.mm., 
the bleeding time was 3-4 minutes and blood-clotting time was 
17 minutes at 17® C. At the age of 41 years 8 months there was 
hardly any change in his condition, except that his shed blood 
remained fluid for 33 minutes at 17® C. A return to a hemo- 
philic state was thus apparent. One of his brothers was typically 
hemophilic. Another brother was described as “ normal,” 
but monthly examinations of the coagulability of his blood during 
a period of two years showed decrea^d coagulability of the blood 
on three occasions — the times of clotting at 17 ®C. being respec- 
tively 16 mins. 30 secs., 15 mins,, and 13 mins. 

The 2!tiol<^ of the Poiparas 

Blood escapes from the vessels in two distinct ways. A 
large or sudden hsemorrhage, such as occurs in wounding and 
in apoplexy, involves a breach in the vascular wall. Gradual 
bleeding from the capillaries and veins, which may assume 
alarming proportions, happens without any rent in the blood 
vessels, and is known as “ diapedesis.” It is probable that 
the latter process always occurs in purpura hsemorrhagica, 
but the sequence of events producing this condition remains 
partly obscure. A shortage of blood platelets is so common 
that Denys (1887), and later Frank (1916-1925), suggested 
that purpura arises from a paucity of these corpuscles. This 
conclusion has been accept^ by the majority of clinicians, 
and attempts have been made to define the l i mit s of plate- 
let reduction essential for purpuric hsemorrhages. Thus, 
Duke (1910) places the critical numbers between 40,000 and 
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75,000 per o.mm. ; both Prank (1915) and Mora^tz 
(1923) mention 30,000, but Gram (1920) places the liioits 
between 100,000 and 200,000. In further explanation 
Prank (1915) assigns the shortage of platelets to lesions 
in the bone-marrow, involving the megakaryooylies ; but 
Kanzelson (1916, 1919) maintains that the primary change 
is an increased activity of the spleen in the destruction of 
platelets, whilst ,the bone-marrow normally performs its 
haematopoietic functions. For this reason, he describes any 
purpuric condition in which there is a shortage of platelets 
as “ thrombolytic purpura/^ 

In support of this conclusion, Eanzelson (1919) points to the 
occurrence of splenomegaly in purpuric states and suggests that 
this implies increased splenic activity. He maintains that the 
great rise in the number of platelets following splenectomy can 
be attributed only to the removal of the great thrombocytolytic 
organ. Furthermore, he claims that in thrombocytopenic 
purpuras there is an excess of megakarjrocytes in the bone-marrov 
and of platelets in the spleen. Histological changes have, 
however, been described in the megakaryocytes. Seehger states 
that in some cases only 4 per cent, are normal (cited by Piney, 
1927), and it has been suggested that the spleen removes the 
abnormal platelets (produced from abnormal megakaryocytes) 
from the circulation. It is thus possible that the primary changes 
may occur in these corpuscles. There are other probable explana- 
tions. The rate of production of platelets from megakaryocytes 
may be iosuf&cient to compensate their destruction by the spleen. 
Changes in the blood plasma may modify the rate of production 
or quality of the blood. There is some evidence pointing ul 
this direction. Emile-Weil and Stieffel (1925) state that marked 
differences exist in the quality of human plasmas in relation to 
haematopoietic activity. They state that the plasma of plethoric 
persons (with erythrocytes 6,000,000 and haemoglobm 116) 
contains haematopoietic substances. Attempts shoirid be made 
to extract such bodies, as they might prove of great value in 
diseases of the blood. 

Recent observations show that there are other factors in 
the purpuric syndrome besides alterations in the rate either 
of production or of the destruction, of blood platelets. It 
hats been demonstrated that the number of platelets may 
fall below that found in acute purpura haemorrhagica, even 
to zero, without producing hasmoirhages (Bedson, 1922, 
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1924; Roskam, 1922-1923; Ehrlich, 1924). This may occur 
after splenectomy. Brill and Rosenthal (1923) removed 
the spleen from a patient exhibiting acute haemorrhagic 
thrombocytopenia. Subsequent to this operation, the 
platelets fdU to 1,000 per c.mm., but there was no return 
of bleeding. The work of Roskam (1922-1923, 1927) 
qnfl of Bedson (1922, 1924) shows clearly that changes 
are involved in the peripheral mechanisms that modify 
bleeding. The former investigators demonstrated that in 
both natural and experimental purpuras a great reduction 
in the number of platelets may occur without any con- 
siderable prolongation of bleeding from skin punctures. 
Also, in chronic thrombocytopenic purpura, the “ bleeding- 
time ” may not only vary during the course of the disease, 
but may, at the same time, be different in different parts of 
the body. For example, in a case of chronic purpura 
hsemorrhagica, the bleeding-time from the right ear 
exceeded forty-eight minutes, whilst that from the left ear 
was only three minutes. The latter investigator found tbat 
the injection of anti-platelet serum first damages the 
vascular endothelium and later produces thrombocytopenia. 
There follows a leakage of erythrocytes through the vascular 
wall, which produces effusions of blood by an exaggerated 
form of diapedesis. The same investigator prepared two 
fiiffftrAnt injections. The first damaged the vascular endo- 
thelium, the second produced thrombocytopenia. Neither 
of these preparations provokes purpura when used alone, 
but when used together they are active in its production. 
It is thus evident that change in the permeability of the 
vascular endothelium is an essential occurrence in purpura 
hsemorri^iagica. 

An nn TTliTig to Bedsou (1922), the effect of a shortage of plate- 
lets is wholly mechanical, lie removal of platelets from the 
peripheral blood-stream of the capillaries pemuts the intact of 
the erythrocytes with the vascular wall and allows '^eir passage 
throu^ any weak qjots in the endothelium. This suggestion 
does not account for all forms of purpura haemorrhagica. In 
some chronic oases, Roskam (1922—1923) found that very pro- 
longed duration of bleeding from skin punoinize (48 minutes) 
may be associated with a relativety' hu^ number of platelets 
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(134,430 per c mm.), whilst in other cases very few platelets 
(11,020; 11,130, and 16,840) WOTe fonad when the bleeding 
time was almost normal. A certain degree of agglutinabdity of 
platelets is essential for the arrest of bleeding from the capillaries, 
and it seems probable that change in the agglutinability of 
platelets is an important factor in pnrpnra hsemorrhagica. It 
has been mentioned that the agglutmability of the platelets m 
vivo depends on the condition of the plasma. Changes in the 
plasma may thns be the decisive factor in the causation of 
those purpnras in which the platelets are not greatly reduced m 
number. 

Other explanations of the origin of “ idiopathic purpura ” 
have been offered. Grenet (1906) produced purpura in the 
rabbit by hgaturing the hepatic pedicle and then injecting 
hsemophilic serum into the spinal cord. He concluded that 
the essential occurrences are intoxication and injuries to the 
liver and nervous system. Oastex (1924) found marked 
changes in the spinal sympathetic centres in two cases of 
purpma, which exhibited a reticular distribution. He 
suggests that such changes are of primary importance in 
thrombocytopenic purpuras. Emile-Weil (1926) describes 
the various forms of purpura, including those of toxic or of 
microbic origin, as the external manifestation of an internal 
disorder, involving the liver, the oicoulatory and haemato- 
poietic organs, the endocrine glands and the sympathetic 
nervous system. He regards menorrhagia as an allied con- 
dition in which the ovaries are involved. It follows, if these 
conclusions are correct, that there are close similarities in the 
syndromes of toxic and thrombocytopenic purpuras. The 
poor results following the administration of organ extracts 
(from the thyroid, pitcdtaiy and ovary) in purpura hmmor- 
rhagica suggest, however, that if the endocrine glands are 
involved the changes in them are the results rather than the 
cause of the purpuric state. 

The possibility that alterations in the blood itself are the 
decisive factor in almost all forms of hsemorxhagic disorder 
should not be ignored. It is probable that the metabolism 
of the blood is intimately associated with that of the whole 
body and that changes in the plasma may find expression 
in many ways. If the old hypothesis that blood plasma 
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noturishes tissue is ultimately established, then the multi- 
plicity of changes in haemorrhagic states becomes 
Defective nutrition might well produce changes in the 
blood-forming organs, in the peripheral mechanisms 
which control bleeding and in the condition of the blood 
platelets. 

There are several indications of changes in the pWnin. in 
hsamoirhagic states. Alterations iu its coagulability, which 
show changes m its stability, have been described in haemo- 
philia and allied conditions, in some forms of epistasds, in 
retinal haemorrhages, and in true melaena neonatorum. 
Nearly all other forms of abnormal bleeding coirform either 
to the thrombocytopenic or to the anaphylactoid type. In 
typical thrombocytopenic purpura the association of a 
normal speed of blood clotting with a shortage of platdets 
points to an abnormal condition of the plasma. Even during 
fasting, and when platelets are almost absent, coagulability 
is hardly impaired. This condition is siTnilar to that found 
in normal blood during the height of digestion, which can be 
completely deplateletised without losing its capacity to clot. 
It differs, however, from the normal blood of fasting animals, 
which, when deplateletised by passage through a clay cell, 
loses its coagulability. But the latter fluid clots on the addi- 
tion of certain proteoses and amino-acids (see pp. 41, 42). It 
thus seems probable that the plasma in thrombocytopenic 
purpura contains disintegration products which tahn the 
place of the debris of platelets in clotting, that these bodies 
are present when digestion is not active and are similar to 
certain substances which are present in normal plasma 
during the height of digestion. If these conclusions are 
correct, it follows that in thrombocytopenic purpura there 
is an inability to deal normally with the products of digestion ; 
such products accumulate in the plasma, altering its condition 
and that of the capillaries. 

in anaphylactoid purpuras alteration of the plasma by the 
presence of tosio bodies seems indicated, but careful investi- 
gations should be made by sinailar methods to those employed 
by Kopaczewski (mentioned in Chapter VIII.) in the study 
of the plasma during anaphylactic shock. 
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The Valae and Signlfloance ol fbe Efiects dl Splenectomy in 
Fnrpaia Hsemonhagica 

The effects of splenectomy in thrombooytopenio purpuras 
are variable. In the experimental form produced by anti- 
platelet serum the results are transient. After the operation 
the platelets increase in number, and there is distinct pro- 
tection against the haemorrhage-producing serum, but in a 
few weeks the animal relapses to its original condition 
(Bedson, 1924). Similar results arise in some cases of pur- 
pura haemorrhagica. In other cases leucocytosis and an 
increase in the number of erythrocytes occur without any 
concomitant increase of platelets (Prank, 1926). But the 
beneficial effects are frequently prolonged and may possibly 
be permanent. In Kanzelson’s first case, in which the spleen 
was removed in 1916, there has been no recurrence of 
hsemorrhagio symptoms (Whipple, 1926). In the majority 
of fifty cases, noted by Parley (1926), the value of splenec- 
tomy is apparent. Whipple (1926) mentions several 
instances in which there has been no relapse for a year or 
longer. Of sixty-one oases which he followed up, fifty-one 
gave good results. Improvement was, however, found only 
in the chronic cases, and was most marked when there was 
hypertrophy of the spleen. It is noteworthy that Whipple 
regards splenectomy as hazardous in acute cases. 

It has been recently suggested that the whole of the 
reticulo-endothelial system may be involved in thrombo- 
cytopenic purpuras (Brill and Bosenthal, 1923 ; Emile-Weil, 
1926; Jedliiflca and AltsohuUer, 1926). This hypothesis 
explains the variable results following splenectomy. Por, as 
Whipple (1926) remarks, if over-activity in the destruction 
of platelets is limited to the spleen its removal should give 
consistently good results, but if the whole retioulo-endo- 
thelial system is involved, extirpation of the spleen would 
remove only a part of the platelet-destroying apparatus. 

The recent observations of Bosenthal (1928) and of 
Giffen (1928) throw additional light upon the different 
efEects which may follow the removal of the spleen in 
purpura hsemoirhagioa and emphasise the conclusion reached 
earlier in the chapter that tiiis disorder is not always sharply 
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defined. This work also shiows that clinical ohservations, 
even when aided by an examination of the blood picture/’ 
may not reveal important departures from the t 3 ^ical 
condition. 

In thrombocytopenic purpuras, the effusions of blood may 
be either the predominating occurrence or merely symptomatic 
of a more general disturbance. Distinct differences may appear 
in both the blood picture and in the behaviour of the blood in 
clotting. (1) An extreme shortage of platelets (below 10,000 
per c.mm.) may be associated with the formation of irretractile 
clots. (2) When the thrombocytopenia is not extreme, clot- 
retraction may be slight or even absent. (3) The clots may be 
irretractile when the platelets are much more abundant (20,000- 
90,000). Both delayed and normal blood clotting occur when the 
clots are either retractile or irretractile, when the platelets are 
greatly reduced in number and when they are relatively abun- 
dant (Rosenthal, 1928). 

In unusual forms of hsemorrhagic disorder, Giffen (1928) 
describes sharply defined differences in the blood picture, in the 
platelet count, in the speed of formation of thrombin and of 
complete clotting ; also in the extent of the contraction of clots. 
In some of these cases the superficial characteristics of purpura 
hsemorrhagica are so well marked that they might readily be 
described as typical cases if attention was given only to the 
clinical manifestations and blood picture. 

The cases recorded by Giffen (1928) show, however, 
that the extirpation of the spleen may sometimes be followed 
by the cessation of haemorrhage and by a general improve- 
ment in bodily condition when only some of the character- 
istics of purpura haemorrhagica are present. But purpuras not 
manifesting thrombocytopenia are apparently not benefited 
by the removal of the spleen, even when all the other 
features of purpura hsemorrhagica are present. 
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A SYNOPSIS OF THE NEWER HEMOSTATICS 

IiT selecting a iiseinostatic it is essential to have a knowledge 
of the state of the blood, particularly of its stability, as 
indicated by its coagulability and the number of platelets 
present. Unfortunately, in the majority of medical reports 
on the use of haemostatics a record of these factors is not 
given. It is frequently stated that a particular hemorrhage 
has been completely arrested by the use ‘of one or other of 
the proprietary haemostatics, as in the many accounts of the 
treatment of epistaxis, of haematemesis and of haemoptysis. 
Such haemorrhages may arise from totally different condi- 
tions, and evidence of efficacy in one case may not be 
applicable to another. Furthermore, even obstinate haemor- 
rhages may cease spontaneously from causes not yet 
fully known, a probable factor being the absorption of 
coagulant tissue juices from the lesion. Such an occurrence 
might easily be recorded as an example of successful treat- 
ment if a haemostatic had been used. Nevertheless, the 
amount of evidence of the efficacy of the newer preparations 
in a wide range of haemorrhages is now so considerable that 
it warrants careful attention. 

It should, however, be noted that some forms of abnormal 
bleeding are almost completely resistant to the newer 
haemostatics. Examples are provided by the severer forms 
of haemophilia and by a case of epistaxis (recorded by 
Griffen, 1928) in which all the characteristics of purpura 
hsemorrhagica were present except thrombocytopenia. 
Bleeding by diapedesis is usually refractory to haemostatics, 
but some haemorrhages which form part of a purpuric 
syndrome may be arrested by appropriate subcutaneous or 
intramuscular medication. 
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The Tise of crude cephalin as a coagulant hsemostatic is due 
to the work of Howell (1912-1913, 1916-1917). It was first 
employed therapeutically by Hixsohfelder (1915), who applied 
it on gauze or as a wash in surgical bleedi^. Cecil (1917) used 
gauze and catheters coated with cephalin in thirty-four cases of 
hsemorrhage foUowing perineal prostatectomy. In some oases 
bleeding ceased in four or six hours, in several others the drainage 
fluid was free from blood on the following morning, in four only 
were there indications of bleeding after forty-eight hours. The 
cessation of obstinate bleeding following the oral administration 
of cephalin has been describe by Howell (1916-1917) and by 
TTfl.n7!lik and Weidenthal (1919-1920, 2). In the first case 
100 c.cm. of 0-1 per cent, solution of Howell’s cephalin (extsracted 
from brain substance) was given twice daily to a congenital 
hsemophilic. In the second case, 4 grams of cephalin was given 
to a person sujSering from obstinate intestinal bleeding, said to 
be hsemophilio. In both, cases the bleeding promptly ceased. 
Bastedo (1919) advises oral administration in hsematemesis. 
Further trials of this treatment appear desirable on account of 
its safety. Cephalin has been used intravenously in severe 
pulmonary hsemorrhage, but this procedure involves grave 
danger from intravaiscular clotting. 

C0AGT7LEN— (CIBA) 

This hsemostatic is a preparation of the blood platelets of 
the ox, with a small amount of lactose added to facilitate solution. 
The makers advise its use as follows : — Locally a 3-5 per cent, 
solution, or on gauze ; subcutaneously 20 c.cm of a 3 per cent, 
solution once or twice daily (in sight cases, 1-6 c.cm. of a 3 per cent, 
solution several times daily). Intravenous injections are only 
advised in extreme cases, with the caution that they should be 
discontinued if there are signs of respiratory or cardiac failure. 
By the mouth, 6 grams dissolved in 200 c.cm. of disfciUed water 
is suggested, divided into eq^ual doses during twenty-four hours. 
In rectal haemorrhages, 1 to 2 grams in 50 c.cm. of distiUed wait&c 
are given as an enema. In dental bleeding, local application 
and the injection of 3-6 c.cm. of a 3 per cent, solution into the 
gums is advised. 

Favourable medical reports led to the inclusion of this prepara- 
tion among the haemostatics mentioned in the 1915 edition of 
“ New and Non-ofBciai Betnedies,” but it was excluded from the 
1922 edition owing to a very unfavourable report by Hanzlit 
( 1922) . In the opinion of the present writer, this arose from faulty 
experimentation (see p. 151). 
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Attention is directed to tte following reports of successful 
use in medical practice. The arrest of bleeding in purpura 
hsemorrhagica is recorded by Benoit (1924), and in a condition 
allied to that disorder in which the coagulability of the blood is 
impaired (Merklen and Wolf, 1926). The latter statement 
deserves careful consideration, as its authors have paid special 
attention to this hsemorrhagic condition. 

A well-recorded case of the use of Coagulen (Ciba) in severe 
haemoptysis, arising from pulmonary tuberculosis, is given by 
Morland (1925). The subcutaneous injection of 5 c.cm. arrested 
the bleeding for half an hour. The haemorrhage then recurred, 
and 5 c.cm. was injected into the cavity of the lung through an 
intercostal space. Bleeding ceased suddenly, and after reappear- 
ing in lesser amount gradually stopped. The treatment appears 
to have been a complete success. Irvine (1925) reports favourably 
on the use of this haemostatic in intestinal bleeding during typhoid 
fever, and Papadopoulos (1925) used it successfully in the control 
of haemorrhage after ton^ectomy. 

Negative results were obtained by Piessly (1924, 1) in severe 
haemophilia, but Morawitz (1926, 1) cites its use in that disorder 
by Derselbe (1913), by Prank (1915) and by Ponio (1916-1917). 
I^epairations of blood platelets have been given intravenously , 
intramuscularly and by the mouth in the treatment of gastric 
haemorrhage (!&ecke, 1926). 

ETIPBXLLIN 

This preparation is composed of primary and secondary theo- 
phylline ethylendiamine in equal proportions. Its local use in 
haemophilic haemorrhages is mentioned by Morawitz .(1926, 1). 

EIBROGEN 

This haemostatic is an extract of lung tissue prepared by the 
method of Mills (1921, 1, 2). It is administered either sub- 
cutaneously or by the mouth and should not be given intraven- 
ously, as it is an intravascular coagulant. The dosage recom- 
mended by the makers is given in Table V. (p. 163). As many 
au3 five injections of 1 c.cm. have been given during an afternoon 
in an adult, while a 30-pound boy has received 1 c.cm. twice daily, 
with no effect except the cessation of hsBmorrhage. Blood pres- 
sure, pulse rate and the speed of respiration are said to remain 
unchanged, but there is some pain at the site of the injection. 
About one or two hours are required for the hasmostatic effect to 
reach a maximum. 

When ^ygq by the mouth in amounts of 4r-5 c.cm., followed by 
a glass of ic^ water, the effect is more rapid. MiUs (1924) mentions 
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its successful use in haemorrhages of pulmonary tuberculosis and 
those of typhoid fever, in epistaxis, in bleeding from gastric 
ulcers, also in surgical haemorrhages, particularly those following 
tonsillectomy. 

The complete arrest of obstinate bleeding by the oral adminis- 
tration of fibrogen is described by Dickey (1926) in two cases 
in which the blood examinations and bleeding time from Mn 
puncture showed the characteristics of hasmophiha, although 
there was no evidence of hereditary transmission. In the first 
case four doses of 1-6 o.cm. sufficed in an infant suJBEering from 
continuous bleeding after circumcision and from urethral 
haemorrhage. In the second case (a boy aged twelve years, 
exhibiting a haematoma and a blood-clotting time of 26 minutes), 
the administration of 3 c.cm. was followed by the cessation of 
bleeding and the absorption of the effusion. In both cases there 
was a marked increase in the speed of blood clotting. In a few 
days marked inhibitions of coagulability followed, and the 
administration of fibrogen did not again increase the rapidity of 
clotting. But there was no return of bleeding whilst the patients 
remained under observation. 

GELATIH 

According to Nohl (1910), the treatment of hsemorrhage of 
the new-born by the subcutaneous injection with stenlised 
gelatin reduces the mortality from 60 per cent, to 6-5 per cent. 
VonEeuss (1921) advises enemas of 200 c.cm. of Merck's prepara- 
tion or the subcutaneous injection of 10—20 c.cm., the latter 
treatment to be repeated on the same or the next day if bleediog 
continues, Wetterdal (1926) has used blood transfusion with 
subcutaneous injections of gelatin in mekena neonatorum. One 
to seven injectioiis were given. Twenty-seven infants died out of 
sixty-seven so treated, but many of the deaths are attributed to 
the injections being used too late. 

Subcutaneous injections of one or two ampoules of Merck’s 
sterile gelatin are mentioned by Morawitz (1926, 1) as advan- 
tageous in haemophilia. 

HEMAanUN 

This haemostatic is an extract of brain tissue and possesses 
similar properties to the thromboplastias. 

HEMOPLASTm 

Hemoplastin is prepared from the serum of horses and oxen 
by a secret process based on the work of Lapenta (1919). Very 
wide claims have been made for its efficacy in the treatment of 
haemorrhagic conditions, but the records in medical journals do 
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not afford mnci assistance in appraising its value. A few 
examples of the evidence will illustrate the position. Brown 
(1922) states that the injection of 2 c.cm. of hemoplastin is of 
value as a prophylactic against haemorrhage after tonsillectomy. 
Nash (1923) records that the subcutaneous injection of 2 c.cm, 
was followed by the cessation of bleeding in an infant suffering 
from melaena neonatorum, but he m^es no mention that 
his diagnosis was conjSxmed by an examination of the blood, 
Yearsley (1925) injected 1 c.cm. of hemoplastin after an operation 
on septic ton^. The bleedmg stopped, but recurred on the next 
day. Howhins (1925) advises the oral administration of calcium 
lactate and the giving of two injections of 2 c cm. of hemoplastin in 
dental haemorrhage. He adds that plugs soaked in oil of tui^en- 
tine should be used iE the bleeding continues. Burke (1925) 
mentions the arrest of haemophihc bleeding by the use of hemo- 
plastin in conjunction with the intramuscular injection and 
transfusion of blood as well as the local application of adrenaline. 
Lahiri (1925) claims the complete arrest of severe uteris 
hsemorrhage by three subcutaneous mjections of hemoplastin 
(each of 2 c.cm.), and liUke success in the treatment of prolonged 
bleeding from haemorrhoids by the use of four mjections. 
Kessly (1924, 1), as well as Christie and (JuHand (1927), could not 
arrest haemophilio bleeding by the use of hemoplastin. 

Blood examinations were made by the present writer, both 
before and after the administration of hemoplastin, in the case 
of a boy, which was described by the physician in charge as 
“ hsBmophilia.” The grosser symptoms were a large hsematoma 
in a knee joint and bleeding from the gums, which had continued 
for three weeks. The administration of six subcutaneous 
injections of hemoplastin (each of 2 c.cm.) at intearvals of 24 hours 
was followed by cessation of bleeding and later by absorption 
of the effusion. Before the administration of the serum the 
boy’s blood showed a clotting time at 16® C. of 15 minutes ; his 
bleeding times from ear punctures were, respectively , from the 
right ear 20 minutes, from the left ear 28 minutes. A platelet 
count showed 100,000 per cmm. After the cessation of 
hsBmorrhage, the blood-clotting time at 16® was 9 minutes 30 
seconds, the bleeding times for ear punctures were almost 
unchanged, and the platelets numbered 100,300 per^ o,mm. 
This case thus closely resembled those now classed as ‘ hasmo- 
pTiilin hemogenia.” It is noteworthy that the blee ding ceased 
whilst the indications of a haemorrhagic tendency continued. 


OIL OF TUBFENTDEIE 

A new use of oil of turpentine is advocated by Steadman (1923), 
who employs ]^e<^ets soaked in the, oil in surgery. He 



216 APPENDIX A 

mentions that in fifty cases this treatment -was invariably 
successful. 


PASATHTROm EXTRACT 

An extract of the parathyroid gland was used by Vines (1922) 
in the treatment of hasmatemesis arising from gastric tilcers 
which had frequently occurred during a period of seventeen 
years. The daily oral administration of grain of the dried 
gland for a month was followed by the cessation of bleedmg. 

The recent work of Collip, alone and in collaboration (1925- 
1927), has given a new impetus to research. It was shown that 
the administration of the parathyroid hormone effectively 
and consistently increases the amount of calcium in the blood, 
the concentration in serum rising from 10‘5 mg. to 20 mg. per 
100 c.cm. or even to a greater extent. The known rdle of calcium 
in blood clotting naturally suggested the re-investigation of 
parathyroid extract as a haemostatic. Cantarow and his 
collaborators (1926) foimd a definite increase in the coagulability 
of the blood four hours after the injection of Collip’s extract. 
The hypercoagulability reached a maximum in 10-15 hours and 
graduaUy passed off, a return to normal coagulability being 
reached in 20-30 hours. The same group of investigators used 
subcutaneous injections of 10-15 units during a period of 30-36 
hours (in a few cases 15-20 units were given during 20-24 hours) 
in the treatment of a wide range of haemorrhages, including 
bleeding from pulmonary tuberculosis, haemorrhages from the 
gastro-intestinal and urinary tracts, in jaundice, in various 
unspecified conditions in which blood clotting is delayed ; also 
in post-operative haemorrhage. Of 364 patients treated, 347 are 
said to have ceased bleedmg (Gordon and collaborators, 1926 ; 
Gordon and Cantarow, 1927). 

The action of the parathyroid honnone has not been tested 
either in hereditary haemophilia or in haemophilia calcipriva. 
In the latter condition it may be of value, as the defect m the 
coagulability of the blood arises from a shortage of calcium 
ions. 

Overdosage if long continue in animals produces extreme 
hypercalcaemia and secondary changes which may cuhnioate in 
death (Collip, 1927). Unfavourable results also follow overdosage 
in man, and mimical effects are produced in puerperal haemor- 
rhages and in melsena neonatorum, even when the dosage is not 
excessive (Gordon and Cantarow, 1927). In all cases the con- 
tiuuance of admioistration should be controlled by determinations 
of the calcium in the patient’s serum. According to McCann 
(1927), a concentration of 15 mg. per 100 c.cm. indicates 
danger. 
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PECTEN 

The hsemostatic action of pecten (prepared from gentian) is 
described by VioUe and Samt-Bat (1924) and later by Violle 
(1925), who advise its use in both normal persons and those 
suffering from hsemorrhagie tendencies. Piessly (1925) investi- 
gated its action on the circulating blood of rabbits, dogs and man, 
employing a 1 per cent, solution, rendered isotonic to blood by 
the addition of 0-5 per cent. CaClg and 0*75 per cent. NaCl. 
(The solution was sterilised at 120° C.) In the rabbit, the 
intravenous injection of 0*5 c.cm into animals of average weight 
reduces the clotting time of shed blood by one-haK. In the dog, the 
injection of 1-2 c.cm. for each kilogramme of the animars weight 
causes the blood to remain fluid after shedding for several hours. 
In a single experiment on a man, the intravenous injection of 
10 c.cm. reduced the clotting time of the blood by 40 per cent. 
Pecten has no action when added to shed blood. Further 
investigations are desirable, as purified pecten does not contain 
protein and is therefore not liable to produce ‘‘ protein-shock.” 

«PEPTOHE»» 

The use of crude peptone ” in the ameKoration of hsBmo- 
philia has already been mentioned (on p. 147). Wallich and 
collaborators (1920) advise the subcutaneous injection of 
5 c.cm. of a 5 per cent, solution, followed on the next day by an 
injection of 20 c.cm. Some “ shock ” is produced. 

PITUITARY EXTRACTS 

Extracts of the posterior lobe of the pituitary gland have been 
used in the arrest of hsemorrhage^ particularly from the female 
genital organs. Pituitrin was usra by Salinger (1918) as a 
prophylactic against haemorrhage after tonsillectomy, 0*5 c.cm. 
being given to children and 1 c.cm. to adults, fifteen minutes 
before the operation. It is stated that in 62 cases out of 87 
the post-operative bleeding was very shght, whilst in only -^o 
cases there was no evidence of prophylaxis The same writer 
used pituitrin in the arrest of secondary haemorrhages and records 
success in thirteen cases. Stoudsinsky (1911) stated, however, 
that pituitary extracts yield inconstant results. This may be 
due to contamination with the anti-coagulant found in the 
anterior lobe of the gland. 

A considerable amount of attention has been given to the 
physiological action of the extract of the posterior lobe of the 
pituitary gland. Emile-Weil and Boy4 (1909, 1, 2) demonstrated 
that its introduction into the oiroulaiion produces hyper- 
coagulability of the blood. Kessly (1922) regards this reaction 
as flimiTar to that of small amounts of " peptone ” on dxculatiog 
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plasma, and thus classes the extract with those substances which 
disturb the colloidal complexes of the blood. From clinical 
observations, Perrin and his collaborators (1922) conclude that 
the changes in blood pressure and leuoopenia produced by the 
extract are, in some way, correlated with production of hj^er- 
coagulability. They also suggest direct action on plasma 
complexes. La Barre (1924) found that the substances present 
in the posterior lobe are incapable of provokmg blood coagulation, 
but they accelerate the normal mechanism of thrombin-formation 
and also slightly accelerate the action of thrombin on fibrinogen. 
Tn addition to these augmentor actions on blood coagulation, 
the extract primarily constriots the arterioles and thus raises the 
blood pressure, the vasoconstrictor action being less marked 
and more prolonged than that of adrenaline. Vasodilatation 
may follow, but is of temporary duration. Owing to the dual 
action on blood plasma and on the arterioles, the use of pituitary 
extract appears to be advisable when superficial operations are 
performed on individuals with a predisposition to prolonged 
bleeding. Pituitary extracts bring both the gravid and non- 
gravid uterus into powerful contraction, and it is this quality 
which led to their use in obstetric practice. 

A controversy exists as to whether the posterior lobe of the 
pituitary gland contains one or more active principles. Prom 
the chemical side Abel (1924) maintains that there is a single 
principle, but the observations of Dale and Dudley (1926) pomt 
to the presence of at least three active substances- By fractiona- 
tion with butyl alcohol, they separated a vasopressor substance 
from a bodly which is a uterine stimulant, A third fraction was 
found which modifies renal diuresis. More recently Messrs. 
Parke, Davis & CJo. have almost completely separated the vaso- 
pressor and oxytocic fractions. Experiments are in progress in 
my laboratory by Dr. F. R. Curtis and myself on the action of these 
principles on blood plasma. Preliminary results indicate that the 
intravascular injection of the pressor fraction produces h 3 ^r- 
coagulahiJity of the blood, whilst the oxytocic fraction retards 
blood clotting. The previous intravenous injection of heparin 
suppresses the augmentor action of the pressor fraction on blood 
clottmg, but does not prevent the initial rise of blood pressure. 

FBOTOGUUN 

This haemostatic is a preparation of thrombin made and 
standardised in the Physiological Laboratory of St. Mary’s 
Hospital, London. It is the most active of the haemostatics 
mention^ in Table IV. (p. 163). It is recommended by the 
vendors in epistaxis and in external haemorrhages arising from 
any cause. Colyer (1923) advises its use in dental surgery. 
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Serial subcutaneous injections of 10 to 20c.c]n of anti- 
diphtheritic serum were first used by Emile-Weil (1908) in the 
treatment of haemophilia and have passed into common practice 
in Germany (Morawitz, 1926, 1). Marked temporary improve- 
ment, often accompaned with the cessation of bleeding from 
wounds, frequently follows the use of serial injections of normal 
horse serum (Vines, 1920 ; Midis, 1926, 1). Vmes employs 10 c.cm. 
as a sensitising dose, foflowed by 2 minims ten ^ys later, to 
produce an anaphylactic reaction. The same writer records a 
similar improvement after a single subcutaneous injection of 
3 c.cm. of normal sheep serum, but this was accompanied by 
urticaria and a slight rise of temperature. (A like reaction may 
occur after serial injections of horse serum ) 

Intradermal injections of rabbit’s serum, which has been sen- 
sitised by horse serum (the serum anth^ma), have been used 
in the control of hsemoptysis, of intestinal bleeding during typhoid 
fever, and that of hsemophilic states (Dufour and Le Hello, 1921). 
A considerable amount of independent testimony to the value of 
the treatment is given in this paper. Anti-streptococoic serum is 
used by Tearsley (1925) in the treatment of haemorrhages of 
the throat arising from infection by streptococci. In one case a 
single injection of 20 c.cm. suflBlced ; in another, 20 c.cm. almost 
arrested bleeding, whilst a second injection on the next day 
completely arrested oozing. Wilcox (1923-4) points out that 
the beneficial action of horse serum in arrestog some haernor- 
rhages may be due to its anti-streptococcic aotivity. A combina- 
tion of injections of heterologous serum (‘‘ artfreundes serum”) 
and treatment with calcium preparations (either calcium lactate 
or Merck’s kalzan) has been used in purpura haemorrhagica 
(Morawitz, 1926, 1). 

Horse serum has been used orally in the treatment of 
hsemorrhage, but the results appear inconstant (c/ . Hurd, 1915 ; 
Graham, 1918; TTillj 1918). Its value should again be tested, 
the administration being followed by the giving of a glass of 
iced water, as in the use of fibrogen. 


THBOMBOFLASTINS (of Armour, Squibb and Leddele) 

These preparations are extracts of brain tissue and owe them 
activity mainly to the presence of cephalin. Armour’s product is 
standardised by its coagulant action on oxaJated plasma, wMoh 
does not give an adequate indication of its activity. Its local 
use is recommended by the makers in post-operative haemorrhages, 
particularly in bleeding from hones, the nose and throat. Injec- 
tions into the site of bleeding are suggested m dental cases when 
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local application fails. Hanzlik and Weidenthal (1919-1920) 
reported favourably on its value. TLromboplastm (Squibb) is 
prepared from ox brain by the method of Hess (1916). Separate 
preparations are supplied for local and hypodermic use, the latter 
to be employed in local injections of 2-3 c.cm. in dental haemor- 
rhage and in subcutaneous injections up to 40 c.cm. for post- 
operative haemorrhage and in haemophilia. 

THYMUS NUCLEIC ACID 

It has been sho\m that the intravenous injeotion of small 
amounts of neutralised thymus nucleic acid produces hyper- 
coagulability of the blood (Pickering and Hewitt, 1924, 1), and 
it has been suggested that the value of injections of this substance 
should be tested in haemophilia (Christie and GuUand, 1927). 
If this is attempted great care should be exercised, as moderate 
overdosage produces both hypocoagulabiKty and deplateletisahon 
of the blood. 

SODIUM CITRATE 

R. Weil (1916-1917) observed hypercoagulability of blood 
shed after intravenous injections of small amounts of this salt. 
Ottenberg (1916) noted a temporary increase of the coagulability 
of the blood of a haemopMIic after the adnunistration of 0-6 gram 
of sodium citrate, followed by a decrease of coagulability. 
Kinsella and Broun (1920) reported the control of hasmorrhage 
of the lung in five patients by the intravenous injection of 
sodium citrate. Some shook occurred. Neuhoff and Hirsch- 
feld (1922) administered sodium citrate to 600 individuals, 
using both intravenous and intramuscular injections. As much 
as 16 c.cm. of a 30 per cent, solution was injected into the buttocks 
of adults, made up with novocaine to allay the pain arising 
from the injection. In normal individuals a pronounced shorten- 
ing of the clotting tune of the blood rapidly follows the injection. 
It lasts 2 or 3 hours, and there is a gradual return to a normal 
speed of clottmg in M or 48 hours. These reactions are utilised 
m prophylaxis against post-operative bleeding. Treatment by 
injections of sodium citrate has also been used with success m 
hsematemesis, haemoptysis, in intracranial and abdominal 
haemorrhages, and in those arising from trauma of the thorax and 
liver. The value of sodium citrate as an internal haemostatio is 
confirmed by a number of observers (Ohienisse, 1922 ; Higgins 
and Ksher, 1924 ; Benaud and Juge, 1924). Of these investiga- 
tors, Ohienisse (1922) describes the arrest of excessive haemorrhage 
in three cases of oaromoma, whilst Benaud and Juge (1924), 
using 10 to 26 o.om. of a 30 per cent, solution, arrested severe 
bleeding in 14 of 17 cases of carcinoma. Other methods of 
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admiDistration are less successful. Tlie effects produced by 
ingestion are slow and variable, whilst subcutaneous injection 
causes considerable pain and local cedema (Chienisse, 1922). The 
intravenous injection of 20-30 c.cm. of a solution made by 
mixing 20 grams of sodium citrate with 10 grams of MgSO^ and 
100 grams of water is recommended by Dax (1927) for the treat- 
ment of haemorrhages following prostatectomy. It is claimed 
that this mixture does not produce the hypertensive action 
which follows the use of sodium citrate alone. The solution 
should be used immediately, as it becomes toxic on keeping. 
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Adsorption, union of proteins by, 10- 
11, 32, 62, 83 

Agglutination, 15, 22, 54, 73, 83, 108, 
114, 136-137, 141, 166-157, 162, 
171-172, 177 

Albumin, condition of, in plasma, 7, 

embryonic development of, 14, 18 
fractionation of, 6, 12 
heat coagulation of, 12 
immunological specificity of, 12, 17 
irradiation of, 17 
salt precipitation of, 6-7 
supposed transformation into glo- 
bulin, 16-18 

Albumin globulin ratio in disease, 
16 

m immunisation, 16, 107 
in “ peptone shock,” 107 
Alkali reserve m blood clottmg, 99 
Allergic phenomena, 126-128 
Anaphylasis, 114-128 
alimentary, 115, 161 
blood in, 115, 118-121, 128 
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early theories of, 2-3 
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Epistazis, forms of, 193-198, 202 
hereditary relations of, 198, 202 
treatment of, 143, 214, 218, 219 
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ilin, fractionation of, 62 
^cipitation of, 6-7 
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aggregation of, 81-85 
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increased in inflammation, 89-90 
in pregnancy, 88 
properties of, 80, 90-91 
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behaviour in body fluids, 33-86 
bound to prothrombin, 10, 29 
cataphoresis of, 9, 29 
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characteristics of, 23, 29-88 
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embryonic development, 14, 18 
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in inflammatory states, 8^90 
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fractions of, 6-9 
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Heemoptysis, 187, 21% 214, 216, 219, 
220 

Heemorrhagio disorders, classificatiQiL 
of, 186-194 

Hsemoxrhages, adolescent, 192-193 
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Haemorrhages — coniiimed 
by diapedesis, 203, 205, 211 
from arsenobonzols, 150 
from oarcmoma, 220 
from hbromata, 150 
from gastno ulcers, 214, 216 
following tonsillectomy, 213, 214, 
215, 218 

from stieptococcic infection, 219 
infantile, 160, 194 
intestinal, 212, 216, 219 
in haemophilia. iSee “Haemophilia, 
amehoiation of.’* 

in new-born, 149, 160, 198-194, 214 
in pulmonary tuberculosis, 213, 214, 
216 

in purpuras. 8ee “ Purpura.” 
in typhoid fever, 213, 214 
in scurvy, 192 

natural arrest of, 143-145, 211 
post-operative, 145, 148, 160, 212, 
214, 216, 218, 219, 220-221 
recognition of unusual, 150-151, 220 
rectal, 212 
retinal, 193 

subcutaneous mjection of blood m, 
149-160 

transfusion in, 148-149, 156-158 
uterme, 182-188, 218 
X-rays m, 154-155 
Haemorrhoids, arrest of bleeding from, 
150, 215 
hereditary, 198 
Haemolysis, 19, 22 
inhibition of, 19, 64 
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Haemostatics, efficacy and standardisa- 
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synopsis of, 211-221 
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Heliotherapy and haemorrhage, 155 
Hemagubn, 159, 214 
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Hemoplastin, a haemostatio, 146, 153, 
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and thrombosis, 170, 176 
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haeznorrhagio conditions, 194-198, 
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predisposition to thrombosis, 164 


Histamine and anaphylaxis, 117 
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Hydroxyl ions of plasma, 7 
Hypercalcsemia, 156, 216 
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synthetic coagulants, 55 
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contra-mdications, 124, 126, 158- 
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and haemorrhage, 152, 154 
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Lead acetate as a haemostatic, 152, 
156 
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Mendel’s Law, applications of, 22, 
195-196 

Menorrhagia, 192, 198, 208, 217 
Menstrual blood, 178-183 
fluid, clotting of, 178-180, 181-182 
hormones, 182 

Menstruation and anaphylaxis, 180- 
181 

and anticoagulants, 181-182 
systemic blood during, 180 
Menotozm, 182 

Nassb’s Law, 194, 195 
Neo-arsphenamines and blood plasma, 
j8ee Arsphenamines.” 
Nomenclatures (blood clotting), 38-40 
Nucleo-albununs, 39 

CEstbus hormones, 182 
Oil of turpentme in dental haemor- 
rhage, 215-216 

Oral administration of haemostatics, 
146, 161, 213-214, 219, 221 
Ovarian extracts and blood clotting, 
182 

Oxytocic fraction of pituitary extract, 
218 

PABA-PHSia^YZiBNEDlAMIKE and 
asthma, 127 
Paraglobulm, 3 

Parathyroid hormone and blood clot- 
tmg, 216 

as a hsemostatic, 216 
overdosage, 216 
produces hypercalcsemia, 216 
Parturition, thrombosis after, 171 
Pecten as a haemostatic, 217 
Peliosis rheumatica, 191 
Peptone, action on blood, 99-105, 118- 
119 

as a haemostatic, 147, 217 
tolerance of, 10^107 
Pituitary extract, fractionation of, 218 
action on blood clotting, 217-218 
as a haemostatic, 217-218 
and uterus, 218 

Physical changes in blood clotting, 10, 
32, 48-46, 71, 72, 141-142 
Physiologic^ equilibrium, 57 
Plasma and immune reactions, 15, 16, 
21-22 

and renal diuresis, 20 
clottmg of, 43-49, 129-142 
complexes, 7-11, 141-142 
deplateletiBed, 40-42, 48 
during digestion, 41-42» 207 
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embryonic development, 14-15 
fractions of, 6-9, 11-12, 30, 139 
functions of, 18-22, 107, 109, 206- 
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in anaphylaxis, 120-121 
m haemorrhagic states, 200-201, 207 
m “ protem shook,” 160. See also 
« Anaphylaxis ” 
in thrombosis, 170 
protective action against haemo- 
lysis, 19-20 

colloids of, 61-62, 133, 139-140 
stabibsation of, 57-64 
thrombogenetic bodies of, 46-49 
Plasmozyme, 39 
Platelets, abnormal, 186, 204 
and anticoagulants, 104, 107 
and bacteria, 20 

and contraction of clots, 91-92, 209 
and sunhght, 155 

expenmental depletion of, 42, 91, 
99, 114, 205-206 
ddbns of, 49-55 

dismtegration of, 20, 37, 200-201 
giant, 186 

in anaphylactic and anaphylactoid 
shock, 114, 126 

in blood clottmg, 40-43, 49-55, 134, 
135, 136, 140 

in haemophilia, 185, 206-201 
in normal haemorrhage, 144 
in thrombosis, 162, 1^, 169, 171- 
172, 174 

in purpuras, 186, 191, 194, 202-203, 
209 

Precipitation of proteins, 2, 6, 9, 30, 
45, 62, 71 

Precipitant ions, 45, 62 
Pregnancy, blood clotting in, 183 
ooUoidoclasis m, 182-183 
flbrmogen in, 88. 170, 183 
sedimentation of corpuscles in, 170, 
183 

thrombosis in, 163, 170-171 
Ptoteotive colloids, rdle m plasma, 19. 

54, 62, 133, 139-140 
Proteins, clas^oation of plasma, 6-7, 
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complexes of, 9-11 
dissociation constants of, 9 
electrodialysis of, 9 
heat coagulation of, 11-12, 33-34 
saltmg-out of, 6-9, 30 
“ shook ” by, 124, 157, 160-161 
spedflciiy in desensitisation, 122 
in immune reactions, 17 
supposed transfoxmaiioB 15-17 
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Prothrombin, definitions of, 3, 39 
dialysis of, 47 

m anaphylactic shock, 120-121 
in heemophilic blood, 201 
ongin of, 40-41, 49 
preparation of, 46-47 
r6le in blood clotting, 47, 63, 64, 61, 
136, 138, 141 

mated TTithfibimogen, 9-10, 29, 48, 
62 

Proserozyme, 39, 61 
Pseudo-globulin, 6-9 
Pseudo-hscmophilia, 189 
Purpura, abdominalis, 191 
SBtiology of, 203-207 
and the spleen, 204, 208-209 
anaphylactoid, 191-192, 207 
bleeding time in, 186-191 
blood platelets in, 91, 186, 191, 203- 
206, 209 

classification of, 190-192 
complications of, 192, 193 
contractility of clots, 91, 186, 209 
experimental, 205-206 
familial relations, 192, 202 
fniminana, 191 
gel formation m, 83-84 
heemoirhagica, 186, 190, 191, 193, 
203-207 
infantile, 194 

relations to hemophilia, 187, 189, 
192, 202-203 
simplex, 187-188 

thrombocytopenic. See Purpura 
bemoirhagioa.’* 

treatment, 149, 164, 208-209, 213 


PxsiSTarroB, natural and acquired, 
93-94, 106-107, 116 
Betnculo-endothelial system and pur- 
puras, 208 

Betmal hemorrhages, 193 
Bordeaux of erythrocytes, 73-74 

SotTBvy, 192 

Sedimentation of corpuscles and dot- 
tmg, 173 

and thrombosis, 170-171, 173 
Serozyme, 39, 44, 133 
Serum, 3, 8. 10, 18-19, 21, 74, 78, 139, 
197, 216 

anth4ma, 147, 219 
sickness, 127 

therapy and sensitiBation, 127, 159, 
161 

Serums (hemostatic), 146-147, 214- 
2X6, 219 


Splenic activity and blood clotting, 166 
and purpuras, 204-205, 208 
Splenectomy, value m purpuras, 208- 
209 

Sodium, citrate as a hemostatic, 146 
220-221 

contra-mdications, 160 
in thrombosis, 176 
chlonde and thrombo-angeitis 
obhterans, 176 

iodide, injunous action of, 124 
salicylate, mjurious action of, 124 
Stabilisation of blood plasma, 57-64, 
133, 134, 137, 139-141 
Stasis. See “ Venous Stasis ” 
Subcutaneous mjoction of blood, 149, 
160 

of hemostatics, 146, 163, 212- 
216, 219, 221 
Sulfarsenol, 108 

Suppression of blood clotting, 93-113 
Suspension stability of blood See 
“ Sedimentation.** 

Syphilis and hemophiha, 109, 189 

Thrombi, growth of, 168 
localisation of, 167-168 
structure of, 164-166 
Thrombins, 3, 65-75 
as agglutinins, 78, 74, 136-137, 141 
disappearance in serum, 74-76 
preparation and properties, 66-66 
rdfoinolottmg, 72-74, 130, 134, 137- 
138, 141-142 

Thrombo-angeitis obliterans, 164, 176 
Thrombocytopenia, effects of, 42, 91, 
203-206, 209 

Thrombocytopenic purpuras. See 
“ Purpura hemorrhagica.*’ 
Thrombocytes, 40 
Thrombogen, 39 
Thrombogenetic material, 46-49 
Thrombokinase, 38, 130 
Thromboplastin, 39 
Thromboplastins, proprietary, 143, 
146, 163, 219-220 
Thrombosis, etiology of, 168-178 
agonal, 164 
afleviation of, 175-177 
and agglutination, 171-172 
and platelets, 169, 172 
and sedimentation, 170, 171, 173 
and sepsis, 173-174 
extra-corporeal, 173, 176 
frequency of, 163-164 
hereditaiy factors in, 164 
post-operative, 163, 171, 177 
predisposition to, 168, 167, 170 
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Thrombozyme, 39, 48, 133 
Tissue coagnlins, 39 
fibrinogens, 23 

extracts and blood clotting, 50-52, 
54, 95-99 

Tolerance, 105-107 
Transfusion of blood, 148-150 

physiological reactions m, 166- 
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precautions in, 156-157 
risks and contra-indications, 156- 
157 

in hsemorrhagic disorders, 149 
Trypanosomes and blood plasma, 56, 
124 

Tryparsamide, 110 

Turpentme, m haemorrliage, 215-216 

Utebetb anticoagulants, 181-182 
haemorrhage, arrest of, 182-183 
Uterus and menstruation, 179-180 
Ultramicroscopic structure of fibrin, 
82-85, 136-137, 140-141 
Ultra-violet rays, action on albumin, 
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Ultra-violet rays — corUim-ed, 
and hsemoxrhage, 155 

Urotropine, injurious efiect of, 124 
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